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SINGLE NUCLEOTIDE POLYMORPHISMS
(SNPS) IN GENES ASSOCIATED WITH
INFLAMMATORY DISEASES

RELATED APPLICATIONS

This application is a division of U.S. application Ser. No.
12/854,408 filed Aug. 11, 2010, which claims the benefit
under 35 USC §119(e) of U.S. provisional application Ser.
No. 61/232,965 filed Aug. 11, 2009. All of the prior applica-
tions are incorporated herein in their entirety.

INCORPORATION OF SEQUENCE LISTING

A computer readable form of the Sequence Listing “6580-
P35240US02 Sequencel.isting.txt” (86,920 bytes), submit-
ted via EFS-WEB and created on Mar. 18, 2013, is hereby
incorporated by reference.

FIELD OF THE DISCLOSURE

The present disclosure relates to the identification of single
nucleotide polymorphisms (SNPs) in genes associated with
inflammatory diseases, compositions, and methods for
screening for, detecting, diagnosing or identifying suscepti-
bility to or detecting a risk of developing inflammatory dis-
eases.

BACKGROUND OF THE DISCLOSURE

Two prominent infectious inflammatory diseases occur-
ring in bovines, and prevalent in dairy cattle, are mastitis and
Johne’s disease.

It is generally known that bovine mastitis is an inflamma-
tory disease of the mammary gland most often caused by
infection with contagious and/or environmental pathogenic
bacteria such as Escherichia coli, Staphylococcus aureus,
Streptococcus agalactiae and Streptococcus dysgalactiae.
Generally, mastitis is manifested as a clinical as well as sub-
clinical disease, and in cases of chronic infection, animals
may remain asymptomatic throughout their entire life and
potentially infect others within the herd (Oviedo-Boyso et al.
2007).

Not only is mastitis the most prevalent disease affecting
dairy cattle, it is also the most costly for the dairy industry,
with economic losses attributed to decreased milk production
and quality, increased labor due to treatment and herd man-
agement strategies, and premature culling of highly suscep-
tible animals (Halasa et al. 2007). In the United Kingdom
alone, mastitis is estimated to cost up to 287 euros per cow per
year, and approximately 9 million euros to the dairy industry
as a whole (Hillerton et al. 1992; Kossaibati and Esslemont
1997).

It is known that the etiology of mastitis is complex, involv-
ing many causal strains of bacteria, as well as a wide variety
otf'host factors that contribute to disease susceptibility. These
factors include parity, stage of lactation, nutritional state, and
host genetics (Oviedo-Boyso et al. 2007; Pyorala 2002).
Given the complexity of this disease’s etiology, and even
though multiple management strategies have been adopted to
control its rate of incidence, there is currently no effective
means to screen for, identity and eventually eradicate mastitis
from the dairy industry.

As mentioned above, another inflammatory disease occur-
ring prominently in ruminants is Johne’s disease, a chronic
inflammatory bowel disease caused by an infection with
Mycobacterium avium paratuberculosis (MAP). Inciden-
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tally, Johne’s disease parallels Crohn’s disease in humans in
many respects. Since MAP is a slow-growing intracellular
pathogen, infected cattle typically remain asymptomatic for 2
to 10 years making it difficult to control Johne’s disease in
dairy herds (McKenna et al., 2006). During this asymptom-
atic period, the pathogen can be horizontally transmitted to
other herd members via contaminated feces, and vertically
transmitted to calves via contaminated milk and colostrum
(McKenna et al., 2006).

The presence of MAP in milk also poses a zoonotic risk to
humans (Waddell et al. 2008). This may be particularly rel-
evant for individuals that are genetically predisposed to
inflammatory bowel disease (IBD), since MAP has been
implicated as one of several potential pathogens associated
with Crohn’s disease (Glasser et al., 2008). A meta-analysis
of studies examining the presence of MAP in patients with
Crohn’s disease or ulcerative colitis for example, showed that
there was a greater likelihood of detecting MAP in diseased
versus healthy individuals (Feller et al., 2007). Additionally,
clinical studies have also shown that anti-mycobacterial treat-
ment of some patients with Crohn’s disease can lead to patho-
logical remission (Chamberlin et al., 2007).

Variability in the susceptibility of cattle to MAP infection
is evident. In a typical commercial dairy herd where there is a
consistent prevalence of MAP infection for example, it is
common to find animals that remain healthy, even after sev-
eral years of exposure. Additionally, there is evidence that
susceptibility to MAP infection, and the development of
clinical symptoms associated with Johne’s disease is inher-
ited; heritability estimates in dairy cattle have been estimated
to range from 0.010 to 0.183, depending on the criteria used
to diagnose MAP infection or Johne’s disease (Koetz et al.,
2000; Gonda et al., 2006; Mortensen et al., 2004).

SUMMARY OF THE DISCLOSURE

The present disclosure addresses the need to limit the inci-
dence of inflammatory diseases such as bovine mastitis and
Johne’s disease, which would be useful for the dairy cattle
industry potentially improving the overall health of herds.
Accordingly, there is a need in the art for the identification of
genes involved in inflammatory diseases, and particularly the
identification of single nucleotide polymorphisms (SNPs) in
these genes for use in screening for, diagnosing, identifying
susceptibility to or detecting a risk of developing mastitis
and/or Mycobacterium avium paratuberculosis (MAP) infec-
tion and Johne’s disease. Furthermore, there is a need for
selection of sires and dams with enhanced genetic resistance
to mastitis and Johne’s disease in cattle breeding in order to
improve the overall health of cattle, and to reduce the risk of
human exposure to mastitis and/or Johne’s disease.

The present disclosure discloses the identification of single
nucleotide polymorphisms (SNPs) in genes associated with
inflammatory diseases and uses thereof. In one embodiment,
the inflammatory disease is mastitis. In another embodiment,
the inflammatory disease is Johne’s disease. In a further
embodiment, the gene associated with inflammatory disease
is a gene encoding an anti-inflammatory cytokine and/or a
receptor thereof, a growth factor and/or receptor thereof and/
or an anti-bacterial promoting protein.

The SNPs identified by the inventors in genes associated
with inflammatory disease are described in Tables 1 and 5,
and include: (a) IL-10 969T>C(NCBI dbSNP ssID:
$s104807640, Build 130; SEQ ID NO: 7); (b) IL-10
1220A>C(NCBI dbSNP ssID: 55104807641, Build 130; SEQ
ID NO: 8); (¢) IL-10Rc. 1047C>A (NCBI dbSNP ssID:
$s104807642, Build 130; SEQ ID NO: 9); (d) IL-10Ra
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1398G>A (NCBI dbSNP ssID: 55104807643, Build 130;
SEQIDNO: 10); () IL-10Rc 1512C>T (NCBI dbSNP ssID:
$s104807644, Build 130; SEQ ID NO: 11); () IL-10Ra
1599C>T (NCBIdbSNP ssID: ss104807645, Build 130; SEQ
ID NO: 12); (g) IL-10Rc 1683T>C(NCBI dbSNP ssID:
$s104807646, Build 130; SEQ ID NO: 13); (h) IL-10Ra
1716 A>G (NCBI dbSNP ssID: 55104807647, Build 130;
SEQ ID NO: 14); (i) IL-10Rf 542C>T (NCBI dbSNP ssID:
$s104807648, Build 130; SEQ ID NO: 15); (§) IL-10Rp
608A>G (NCBI dbSNP ssID: 55104807649, Build 130; SEQ
ID NO: 16); (k) TGF-I 701C>T (NCBI dbSNP ssID:
$s104807650, Build 130; SEQ ID NO: 17); (1) NRAMP1
723C>T (NCBI dbSNP ssID: 55104807654, Build 130; SEQ
ID NO: 18); and (m) NRAMP1 1139C>G, NCBI dbSNP
ssID: ss104807655, Build 130; SEQ ID NO: 19). Accord-
ingly, one embodiment of the present disclosure is an isolated
nucleic acid molecule comprising one of the SNPs in SEQ ID
NOS: 7-19. The present inventors have also identified SNP
haplotypes in various SNPs identified in the IL.-10Ra gene.

The present inventors have determined the association of
the identified SNPs and/or SNP haplotypes in genes related to
inflammatory diseases in bovines, including for example, in
mastitis and Johne’s disease.

Accordingly, another aspect of the present disclosure pro-
vides a method of screening for, diagnosing, identifying sus-
ceptibility to or detecting a risk of developing an inflamma-
tory disease comprising detecting the presence or absence of
at least one SNP identified in a gene associated with inflam-
matory disease in a subject, wherein the presence of the at
least one SNP is indicative of an increased risk of inflamma-
tory disease in the subject, and the absence of the at least one
SNP is indicative of a decreased risk of inflammatory disease
in the subject. In one embodiment, the inflammatory disease
is mastitis. In another embodiment, the inflammatory disease
is Johne’s disease. In one embodiment, the at least one of the
SNPs associated with inflammatory disease includes SNPs
associated with mastitis and/or SNPs associated with MAP
infection.

In another embodiment, the method of screening for, diag-
nosing, identifying susceptibility to or detecting a risk of
developing an inflammatory disease comprising detecting the
presence or absence of at least one SNP identified in a gene
associated with inflammatory disease in a subject, further
comprises selecting a subject for a breeding program com-
prising, based on the presence or absence of the SNP associ-
ated with an inflammatory disease, such as mastitis and/or
Johne’s disease.

Another aspect of the present disclosure provides a method
of treating inflammatory disease in a subject including (a)
detecting the presence or absence of at least one of the SNPs
associated with inflammatory disease; and (b) administering
to the subject, if at least one of the SNPs associated with
inflammatory disease is present, an effective amount of an
agent that treats inflammatory disease. In one embodiment,
the inflammatory disease is mastitis. In another embodiment,
the inflammatory disease is Johne’s disease.

The present disclosure also provides compositions includ-
ing nucleic acid probes that may be used to detect the pres-
ence or absence of at least one of the SNPs associated with
inflammatory disease. The present disclosure also provides
nucleotide sequences comprising forward and reverse prim-
ers that amplify SNPs identified in genes associated with
inflammatory disease.

The present disclosure also includes kits containing the
nucleic acid probes or primers described herein and instruc-
tions for use.
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Other features and advantages of the present disclosure
will become apparent from the following detailed descrip-
tion. It should be understood, however, that the detailed
description and the specific examples while indicating pre-
ferred embodiments of the disclosure are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the disclosure will become
apparent to those skilled in the art from this detailed descrip-
tion.

DETAILED DESCRIPTION OF THE
DISCLOSURE

1. Single Nucleotide Polymorphisms

The present inventors have investigated genes involved in
inflammatory diseases, such as mastitis and Johne’s disease
(caused by an infection with Mycobacterium avium paratu-
berculosis), in order to identity single nucleotide polymor-
phisms (SNPs) in genes associated with inflammatory dis-
eases. In particular, the present inventors investigated and
selected six genes, including genes encoding anti-inflamma-
tory cytokines and receptors thereof, growth factors and
receptors thereof and an anti-bacterial promoting protein for
identification of SNPs, namely, IL-10 [interleukin 10; NCBI-
GenelD: 281246; SEQ ID NO: 1], IL-10Ra [interleukin 10
receptor subunit alpha; NCBI-GenelD: 513478; SEQ ID NO:
2]; IL-10Rp [interleukin 10 receptor subunit beta; NCBI-
GenelD: 767864; SEQ ID NO: 3], TGF-pI [transforming
growth factor beta class I; NCBI-GenelD: 282089; SEQ ID
NO: 4], TGF-pR type I [transforming growth factor beta type
I receptor; NCBI-GenelD: 282382; TGF-BR type II [trans-
forming growth factor beta type II receptor; NCBI-GenelD:
535376; SEQ ID NO: 5]; and NRAMP1 [natural resistance-
associated macrophage protein 1; NCBI-GenelD: 282470;
SEQ ID NO: 6].

As used herein, the term “SNP” means a single nucleotide
polymorphism which is a single nucleotide position in a
nucleotide sequence for which two or more alternative alleles
are present in a given population.

The term “allele” means any one of a series of two or more
different gene sequences that occupy the same position or
locus on a chromosome.

The present inventors have identified thirteen SNPs in the
1L-10, IL-10Rc, IL-10RB, TGF-PI and NRAMP1 genes. In
particular, two SNPs were identified in I[.-10; six were iden-
tified in IL-10Ra; two were identified in IL-10R[3; one was
identified in TGF-p1 and two were identified in NRAMP1 as
set out immediately below and in Tables 1 and 5:

(a) the presence of a C nucleotide at position 969 in the 5'
region of the IL-10 gene rather than a T nucleotide at
position 969 as in SEQ ID NO: 1 (SNP IL-10 969T>C;
NCBI dbSNP ssID: 55104807640, Build 130; SEQ ID
NO: 7);

(b) the presence of a C nucleotide at position 1220 in the 5'
region of the IL.-10 gene rather than an A nucleotide at
position 1220 as in SEQ ID NO: 1 (SNP IL-10
1220A>C; NCBI dbSNP ssID: 55104807641, Build 130;
SEQ ID NO:8);

(c) the presence of an A nucleotide at position 1047 in the
coding region ofthe IL.-10Ra gene rather than a C nucle-
otide at position 1047 as in SEQ ID NO: 2 (SNP
IL-10Ra 1047C>A; NCBI dbSNP ssID: 55104807642,
Build 130; SEQ ID NO: 9);

(d) the presence of an A nucleotide at position 1398 in the
coding region of the IL-10Ra gene rather than a G
nucleotide at position 1398 as in SEQ ID NO: 2 (SNP
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IL-10Ra 1398G>A; NCBI dbSNP ssID: 55104807643,
Build 130; SEQ ID NO: 10);

(e) the presence of a T nucleotide at position 1512 in the
coding region ofthe IL.-10Ra gene rather than a C nucle-
otide at position 1512 as in SEQ ID NO: 2 (SNP
IL-10Ra 1512C>T; NCBI dbSNP ssID: 55104807644,
Build 130; SEQ ID NO: 11);

(f) the presence of a T nucleotide at position 1599 in the
coding region ofthe IL.-10Ra gene rather than a C nucle-
otide at position 1599 as in SEQ ID NO: 2 (SNP
IL-10Ra 1599C>T; NCBI dbSNP ssID: 55104807645,
Build 130; SEQ ID NO: 12);

(g) the presence of a C nucleotide at position 1683 in the
coding region ofthe IL.-10Ra gene rather than a T nucle-
otide at position 1683 as in SEQ ID NO: 2 (SNP
IL-10Ra 1683T>C; NCBI dbSNP ssID: 55104807646,
Build 130; SEQ ID NO: 13);

(h) the presence of a G nucleotide at position 1716 in the
coding region of the IL-10Ra gene rather than an A
nucleotide at position 1716 as in SEQ ID NO: 2 (SNP
IL-10Ra 1716A>G, NCBI dbSNP ssID: 55104807647,
Build 130; SEQ ID NO: 14);

(1) the presence of a T nucleotide at position 542 in the
coding region ofthe IL.-10R f§ gene rather than a C nucle-
otide at position 542 as in SEQ ID NO: 3 (SNP IL-10Rp
542C>T, NCBI dbSNP ssID: 55104807648, Build 130;
SEQ ID NO: 15);

(j) the presence of a G nucleotide at position 608 in the
coding region of the IL-10Rf gene rather than an A
nucleotide at position 608 as in SEQ ID NO: 3 (SNP
IL-10RB 608A>G, NCBI dbSNP ssID: 55104807649,
Build 130; SEQ ID NO: 16);

(k) the presence of a T nucleotide at position 701 in the
coding region of the TGF-fI gene rather than a C nucle-
otide at position 701 as in SEQ ID NO: 4 (SNP TGF-$1
701C>T, NCBI dbSNP ssID: ss104807650, Build 130;
SEQ ID NO: 17);

(1) the presence of a T nucleotide at position 723 in the
coding region of the NRAMP1 gene rather than a C
nucleotide at position 723 as in SEQ ID NO: 6 (SNP
NRAMP1 723C>T, NCBI dbSNP ssID: ss104807654,
Build 130; SEQ ID NO: 18); and

(m) the presence of a G nucleotide at position 1139 in the
coding region of the NRAMP1 gene rather than a C
nucleotide at position 1139 as in SEQ ID NO: 6 (SNP
NRAMP1 1139C>G, NCBI dbSNP ssID: ss104807655,
Build 130; SEQ ID NO: 19),

which are associated with inflammatory diseases including
mastitis and/or Johne’s disease (caused by Mycobacterium
avium paratuberculosis (MAP) infection). The present inven-
tors found that the SNPs identified in SEQ ID NOS: 10,11, 13
and 14 (namely, SNP IL-10Ra 1398G>A, SNP IL-10Ra
1512C>T, SNP IL-10Rc 1683T>C, and SNP IL-10Ra
1716 A>G, respectively) are completely linked. The present
inventors also determined that the SNPs identified in SEQ ID
NOS: 9, 10 and 12 (namely, SNP IL-10Ra 1047C>A, SNP
IL-10Ra 1398G>A; and SNP IL-10Ra 1599C>T, respec-
tively) are in linkage disequilibrium.

Other variants of the above-noted genes are contemplated
by the present disclosure. Accordingly, in one embodiment,
the nucleotides at positions 969 and 1220 in the IL.-10 gene
(SEQ ID NO: 1) may have nucleotides that differ from the
SNPs identified in SEQ ID NOS: 7-8 and the wild-type
sequence in SEQ ID NO: 1. In another embodiment, the
nucleotides at positions 1047, 1398, 1512, 1599, 1683, and
1716 in IL-10Ra gene (SEQ ID NO: 2) may have nucleotides
that differs from the SNPs identified in SEQ ID NOS: 9-14
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and the wild-type sequence in SEQ ID NO: 2. In another
embodiment, the nucleotides at positions 542 and 608 in the
IL-10Rp gene (SEQ ID NO: 3) may have nucleotides that
differ from the SNPs identified in SEQ ID NOS: 15-16 and
the wild-type sequence in SEQ ID NO: 3. In another embodi-
ment, the nucleotide at position 701 inthe TGF-f1 gene (SEQ
1D NO' 4) may differ from the SNP identified in SEQ ID NO:
17 and the wild-type sequence in SEQ ID NO: 4. In a further
embodiment, the nucleotides at positions 723 and 1139 ofthe
NRAMP1 gene (SEQ ID NO: 6) may differ from the SNPs
identified in SEQ ID NOS: 18-19 and the wild-type sequence
in SEQ ID NO: 6.

Another embodiment of the present disclosure includes an
isolated nucleic acid molecule comprising one of the SNPs
identified in SEQ ID NOS: 7-19. In another embodiment, the
isolated nucleic acid molecule comprises one of the SNPs
identified in SEQ ID NOS: 10, 11, 13 and 14. In a further
embodiment, the isolated nucleic acid molecule comprises
one of the SNPs identified in SEQ ID NOS: 9, 10 and 12. In
another embodiment, the isolated nucleic acid molecule com-
prises the SNP identified in SEQ ID NO: 12.

The term “isolated nucleic acid molecule” refers to a
nucleic acid substantially free of cellular material or culture
medium, for example, when produced by recombinant DNA
techniques, or chemical precursors, or other chemicals when
chemically synthesized. An “isolated nucleic acid” is also
substantially free of sequences which naturally flank the
nucleic acid (i.e. sequences located at the 5' and 3' ends of the
nucleic acid) from which the nucleic acid is derived. The term
“nucleic acid” is intended to include DNA and RNA and can
be either double stranded or single stranded.

A. Haplotypes in Mastitis

Referring to Table 4, the present inventors identified and
determined that various haplotypes, namely, AAT, AGT and
CAT, in three of the SNPs in the IL.-10Ra gene, namely, SNP
IL-10Ra. 1047C>A; SNP IL-10Ra 1398G>A; and SNP
IL-10Ra 1599C>T showed different effects on mastitis as
compared to the most frequent haplotype, AGC. In particular,
the AAT haplotype in three of the SNPs in the IL.-10Ra gene,
namely, SNP IL-10R¢. 1047C>A; SNP IL-10Ra 1398G>A,;
and SNPIL-10Ra 1599C>T (“AAT SNP haplotype™) showed
a significant effect as compared to the most frequent haplo-
type, AGC (“AGC SNP haplotype™). In addition, the present
inventors found that SNP IL-10Ra 1398G>A is completely
linked to at least three SNPs, namely, SNP IL-10Ra
1512C>T; SNP IL-10Rc. 1683T>C; and SNP IL-10Ra
1716 A>G. Therefore, the various haplotypes identified by the
inventors, namely, AAT, AGT and CAT, also comprise these at
least three SNPs.

Accordingly, in one embodiment the AGC SNP haplotype
of the IL-10Ra gene associated with mastitis comprises: (a)
the presence of an A nucleotide at position 1047 in the coding
region of the IL-10Ra gene rather than a C nucleotide at
position 1047 as in SEQ ID NO: 2; (b) the presence of G
nucleotide at position 1398 as in SEQ ID NO: 2; and (c) the
presence of a C nucleotide at position 1599 as in SEQ ID NO:
2.

In another embodiment, the AAT SNP haplotype of the
IL-10Ra gene associated with mastitis comprises: (a) the
presence of an A nucleotide at position 1047 in the coding
region of the IL-10Ra gene rather than a C nucleotide at
position 1047 as in SEQ ID NO: 2; (b) the presence of an A
nucleotide at position 1398 in the coding region of the
IL-10Ra gene rather than a G nucleotide at position 1398 as
in SEQ ID NO: 2; and (c) the presence of a T nucleotide at
position 1599 in the coding region of the IL.-10Ra gene rather
than a C nucleotide at position 1599 as in SEQ ID NO: 2.
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B. Haplotypes in MAP Infection

Referring to Table 7, the present inventors also identified
and determined that various haplotypes, namely, AAT, CAC
and AAC, in three of the SNPs in the IL-10Ra gene, namely,
SNPIL-10Rc 1047C>A; SNP IL-10Ra 1398G>A; and SNP
IL-10Ra 1599C>T showed different effects on MAP infec-
tion as compared to the most frequent haplotype in the posi-
tive cohort, AGC. In particular, the AAT haplotype in three of
the SNPs in the IL-10Ra gene, namely, SNP IL-10Ra
1047C>A; SNP IL-10Ra 1398G>A; and SNP IL-10Ra
1599C>T (“AAT SNP haplotype”) showed a significant effect
in the negative cohort as compared to the most frequent hap-
lotype, AGC (“AGC SNP haplotype™). In addition, the inven-
tors found that SNP IL-10Ra 1398G>A is completely linked
to at least three SNPs, namely, SNP IL-10Ra 1512C>T; SNP
IL-10Ra 1683T>C; and SNP IL-10R ¢ 1716 A>G. Therefore,
the various haplotypes identified by the inventors, namely,
AAT, CAC and AAC, also comprise these at least three SNPs.

Accordingly, in one embodiment the AGC SNP haplotype
of the IL.-10Ra gene associated with MAP infection in the
positive cohort comprises: (a) the presence of an A nucleotide
at position 1047 in the coding region of the IL-10Ra gene
rather than a C nucleotide at position 1047 as in SEQ ID NO:
2; (b) the presence of G nucleotide at position 1398 as in SEQ
ID NO: 2; and (c) the presence of a C nucleotide at position
1599 as in SEQ ID NO: 2.

In another embodiment, the AAT SNP haplotype of the
IL-10Ra gene associated with MAP infection in the negative
cohort comprises: (a) the presence of an A nucleotide at
position 1047 in the coding region of the IL.-10Ra gene rather
than a C nucleotide at position 1047 as in SEQ ID NO: 2; (b)
the presence of an A nucleotide at position 1398 in the coding
region of the IL-10Ra gene rather than a G nucleotide at
position 1398 as in SEQ ID NO: 2; and (c) the presence of a
T nucleotide at position 1599 in the coding region of the
IL-10Ra gene rather than a C nucleotide at position 1599 as
in SEQ ID NO: 2.

II. Methods and Uses of the Disclosure

A. Methods and Uses for Genetic Analysis

The present inventors have determined the association of
identified individual SNPs and/or SNP haplotypes described
herein in genes related to inflammatory diseases in bovines,
including for example, mastitis and Johne’s disease.

Accordingly, in one embodiment, the present disclosure
includes methods and uses of the SNPs identified in SEQ ID
NOS: 7-19 in or for genetic analysis. In one embodiment,
genetic analysis includes linkage analysis or association
analysis. In a further embodiment, association analysis
includes analyzing association with inflammatory diseases.
Inanother embodiment, association analysis includes analyz-
ing association with mastitis in cattle. In another embodi-
ment, association analysis includes analyzing association
with MAP infection and/or Johne’s disease in cattle.
B. Methods and Uses for Inflammatory Diseases

As noted above, the present inventors have determined the
association of identified individual SNPs and/or SNP haplo-
types described herein in genes related to inflammatory dis-
eases in bovines.

Accordingly, one embodiment of the present disclosure is
a method of screening for, diagnosing, identifying suscepti-
bility to or detecting a risk of developing an inflammatory
disease comprising detecting the presence or absence of at
least one SNP identified in a gene associated with inflamma-
tory disease in a subject, wherein the presence of the at least
one SNP is indicative of an increased risk of inflammatory
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disease in the subject, and the absence of the at least one SNP
is indicative of a decreased risk of inflammatory disease in the
subject.

In another embodiment, the genes associated with inflam-
matory disease include genes that encode an anti-inflamma-
tory cytokine, an anti-inflammatory cytokine receptor, a
growth factor, a growth factor receptor and/or an anti-bacte-
rial promoting protein. In another embodiment, the anti-in-
flammatory cytokine is IL-10 (interleukin 10). In another
embodiment, the anti-inflammatory cytokine receptor is
IL-10Ra (interleukin 10 receptor subunit alpha) and/or
IL-10Rp (interleukin 10 receptor subunit beta [3). In another
embodiment, the growth factor is TGF-fI (transforming
growth factor beta class I). In another embodiment, the
growth factor receptor is TGF-fR type 1 (transforming
growth factor beta type I receptor) and/or TGF-fR type 11
(transforming growth factor beta type Il receptor). In a further
embodiment, the anti-bacterial promoting protein is
NRAMP1 (natural resistance-associated macrophage protein
D).

In another embodiment, at least one SNP identified in a
gene associated with inflammatory disease comprises:

(a) the presence of a C nucleotide at position 969 in the 5'
region of the IL-10 gene rather than a T nucleotide at
position 969 as in SEQ ID NO: 1 (SNP IL-10 969T>C;
NCBI dbSNP ssID: 5104807640, Build 130; SEQ 1D
NO: 7);

(b) the presence of a C nucleotide at position 1220 in the 5'
region of the IL.-10 gene rather than an A nucleotide at
position 1220 as in SEQ ID NO: 1 (SNP IL-10
1220A>C; NCBI dbSNP ssID: 55104807641, Build 130;
SEQ ID NO:);

(c) the presence of an A nucleotide at position 1047 in the
coding region ofthe IL.-10Ra gene rather than a C nucle-
otide at position 1047 as in SEQ ID NO: 2 (SNP
IL-10Ra 1047C>A; NCBI dbSNP ssID: 55104807642,
Build 130; SEQ ID NO: 9);

(d) the presence of an A nucleotide at position 1398 in the
coding region of the IL-10Ra gene rather than a G
nucleotide at position 1398 as in SEQ ID NO: 2 (SNP
IL-10Ra 1398G>A; NCBI dbSNP ssID: 55104807643,
Build 130; SEQ ID NO: 10);

(e) the presence of a T nucleotide at position 1512 in the
coding region ofthe IL.-10Ra gene rather than a C nucle-
otide at position 1512 as in SEQ ID NO: 2 (SNP
IL-10Ra 1512C>T; NCBI dbSNP ssID: 55104807644,
Build 130; SEQ ID NO: 11);

(®) the presence of a T nucleotide at position 1599 in the
coding region ofthe IL.-10Ra gene rather than a C nucle-
otide at position 1599 as in SEQ ID NO: 2 (SNP
IL-10Ra 1599C>T; NCBI dbSNP ssID: 551048076435,
Build 130; SEQ ID NO: 12);

(g) the presence of a C nucleotide at position 1683 in the
coding region ofthe IL-10Ra gene rather than a T nucle-
otide at position 1683 as in SEQ ID NO: 2 (SNP
IL-10Ra 1683T>C; NCBI dbSNP ssID: 55104807646,
Build 130; SEQ ID NO: 13);

(h) the presence of a G nucleotide at position 1716 in the
coding region of the IL-10Ra gene rather than an A
nucleotide at position 1716 as in SEQ ID NO: 2 (SNP
IL-10Ra 1716 A>G, NCBI dbSNP ssID: 55104807647,
Build 130; SEQ ID NO: 14);

(1) the presence of a T nucleotide at position 542 in the
coding region ofthe IL-10R § gene rather than a C nucle-
otide at position 542 as in SEQ ID NO: 3 (SNP
IL-10RB542C>T, NCBI dbSNP ssID: 55104807648,
Build 130; SEQ ID NO: 15);
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(j) the presence of a G nucleotide at position 608 in the
coding region of the IL-10Rf gene rather than an A
nucleotide at position 608 as in SEQ ID NO: 3 (SNP
IL-10RB608A>G, NCBI dbSNP ssID: 55104807649,
Build 130; SEQ ID NO: 16);

(k) the presence of a T nucleotide at position 701 in the
coding region of the TGF-fI gene rather than a C nucle-
otide at position 701 as in SEQ ID NO: 4 (SNP TGF-
B1701C>T, NCBI dbSNP ssID: ss104807650, Build
130; SEQ ID NO: 17);

(1) the presence of a T nucleotide at position 723 in the
coding region of the NRAMP1 gene rather than a C
nucleotide at position 723 as in SEQ ID NO: 6 (SNP
NRAMP1 723C>T, NCBI dbSNP ssID: ss104807654,
Build 130; SEQ ID NO: 18); and

(m) the presence of a G nucleotide at position 1139 in the
coding region of the NRAMP1 gene rather than a C
nucleotide at position 1139 as in SEQ ID NO: 6 (SNP
NRAMP1 1139C>G, NCBI dbSNP ssID: ss104807655,
Build 130; SEQ ID NO: 19).

C. Methods of Screening for, Diagnosing, Identitying Sus-
ceptibility to or Detecting a Risk of Developing Mastitis, and
Selecting for a Breeding Program

In one embodiment of the methods and uses for inflamma-
tory disease, the inflammatory disease is mastitis. Accord-
ingly, in another embodiment, the at least one SNP identified
in a gene associated with inflammatory disease is a SNP
associated with mastitis. In another embodiment, the SNP
associated with mastitis comprises one of the SNPs in SEQ ID
NOS: 7-17.

The present inventors have associated the identified indi-
vidual SNPs and/or SNP haplotypes to mastitis. In particular,
the present inventors have determined the association of the
identified individual SNPs and/or SNP haplotypes to mastitis
using estimated breeding values (EBV) for somatic cell
scores (SCS) in cattle.

Accordingly, one embodiment of the present disclosure is
a method of screening for, diagnosing, identifying suscepti-
bility to or detecting a risk of developing mastitis comprising
detecting the presence or absence of at least one of the SNPs
associated with mastitis, such as the SNPs described in SEQ
IDNOS: 7-17, in a subject; wherein detecting the presence of
at least one of the SNPs associated with mastitis is indicative
of'an increased risk of mastitis in the subject, and the absence
of at least one of the SNPs associated with mastitis is indica-
tive of a decreased risk of mastitis in the subject. The
increased risk is relative to a subject having an absence of at
least one of the SNPs associated with mastitis. The present
disclosure also provides use of a composition of the disclo-
sure for screening for, diagnosing, identifying susceptibility
to or detecting a risk of developing mastitis, and selecting a
subject having an absence of at least one SNP associated with
mastitis for a breeding program.

The term “mastitis” refers to an inflammatory disease of
the mammary gland caused by infection with contagious
and/or environmental pathogenic bacteria, including without
limitation, Escherichia coli, Staphylococcus aureus, Strepto-
coccus agalactiae and Streptococcus dysgalactiae. Symp-
tomatic indications of mastitis infection include, for example,
decreased milk production and milk quality, which may be
assessed by clinical inspection and/or determining somatic
cell count (SCC). Somatic cell score (SCS) is a measure of the
average number of somatic cells in milk and is also used to
assess milk production and/or milk quality.

The phrase “screening for, diagnosing, identifying suscep-
tibility to or detecting a risk of developing mastitis™ refers to
a method or process of determining if a subject has an
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increased risk of or predisposition to or increased suscepti-
bility to mastitis (i.e. by detecting the presence of at least one
of'the SNPs associated with mastitis), or if a subject does not
have an increased risk of mastitis. The increased risk or
increased susceptibility to mastitis is measured relative to a
subject having an absence of the SNPs associated with mas-
titis as described herein. For example, SNPs may be associ-
ated with mastitis using estimated breeding values (EBV) for
somatic cell scores (SCS) in cattle. In one embodiment, SNPs
are associated with deregressed EBVs for SCS.

The term “subject” as used herein refers to any member of
the animal kingdom, including any lactating mammal, for
example a human, dog, cat, horse, cow, bovine, ruminant,
bull, pig, sheep, mouse or rat. In one embodiment, the subject
is a ruminant animal, such as a bovine (cow or bull). In a
further embodiment, the bovine breed may be Holstein, Jer-
sey or Guernsey. In another embodiment, the bovine breed is
Holstein. In another embodiment, the bovine breed is Jersey.
In a further embodiment, the bovine breed is Guernsey.

In one embodiment, the at least one SNP associated with
mastitis comprises at least one of the SNPs in SEQ ID NOS:
7-17.

In another embodiment, the at least one SNP associated
with mastitis comprises at least one of the SNPs in SEQ ID
NOS: 10, 11, 13 and 14.

In another embodiment, the at least one SNP associated
with mastitis comprises at least one of the SNPs in SEQ ID
NOS: 9, 10 and 12.

In a further embodiment, the at least one SNP associated
with mastitis comprises the SNP in SEQ ID NO: 12.

Another embodiment in the method of screening for, diag-
nosing, identifying susceptibility to or detecting a risk of
developing mastitis comprising detecting the presence or
absence of at least one of the SNPs associated with mastitis in
a subject, further comprises selecting a subject for a breeding
program based on the presence or absence of the SNP asso-
ciated with mastitis. In one embodiment, a subject having an
absence of the SNP associated with mastitis is selected for the
breeding program. In another embodiment, the breeding pro-
gram leads to subjects with reduced incidence of mastitis and
enhanced genetic resistance to mastitis.

As used herein, “subjects with reduced incidence of mas-
titis” include for example subjects exhibiting a reduction in
the clinical indications of mastitis, including asymptomatic
and symptomatic indications. For example, a reduction in
symptomatic indications of mastitis infection includes a
reduction in decreased milk production and milk quality.
Decreased milk production and milk quality may be assessed
by somatic cell count (SCC) and somatic cell score (SCS).
For example, decreased values of SCC and SCS correspond
with a reduction of mastitis.

The term “subjects with enhanced genetic resistance to
mastitis” refers to an increase in the number of subjects in a
population of subjects having an absence of at least one of the
SNPs associated with mastitis. In another embodiment, sub-
jects with reduced incidence of mastitis and enhanced genetic
resistance to mastitis result in improved health of subjects. As
used herein “improved health of subjects” refers to subjects
not exhibiting clinical indications of mastitis and/or subjects
having an absence of at least one of the SNPs associated with
mastitis.

The present inventors identified and determined that vari-
ous haplotypes, namely, AAT, AGT and CAT, in three of the
SNPs in the IL.-10Ra gene, namely, SNP IL-10Ra 1047C>A,;
SNP IL-10Ra 1398G>A; and SNP IL-10Ra 1599C>T
showed different effects on mastitis as compared to the most
frequent haplotype, AGC. The present inventors showed that
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AAT haplotype had a significant effect on increasing SCS as
compared to the most common haplotype AGC. As noted
above, the inventors found that SNP IL-10Rc. 1398G>A is
completely linked to at least three SNPs, namely, SNP
IL-10Ra. 1512C>T; SNP IL-10Ra 1683T>C; and SNP
IL-10Ra 1716 A>G. Therefore, the various haplotypes iden-
tified by the inventors, namely, AAT, AGT and CAT, also
comprise these at least three SNPs.

Accordingly, in one embodiment, a subject having the
AGC SNP haplotype is selected for the breeding program. In
another embodiment, a subject having the AAT SNP haplo-
type is not selected for the breeding program.

As noted above, the present inventors found that the SNPs
identified in SEQ ID NOS: 10, 11, 13 and 14 are completely
linked; and found that the SEQ ID NOS: 9, 10 and 12 are in
linkage disequilibrium. The inventors further identified vari-
ous haplotypes associated with mastitis using the SNPs in
SEQIDNOS: 9, 10 and 12.

Accordingly, another embodiment of the present disclo-
sure is a method of using linkage disequilibrium to identity
alleles or haplotypes associated with mastitis that are present
in a subject, for example, by using the techniques described
herein to detect SNPs, which have been applied to identify the
SNP alleles and haplotypes associated with mastitis
described herein. In another embodiment, the present disclo-
sure includes selecting a subject for the breeding program
comprising using SNPs that are in linkage disequilibrium and
thus are genetically linked to the SNPs associated with mas-
titis described herein.

Without wishing to be bound by a particular theory, the
identified SNPs described herein may alter the gene expres-
sion of the IL.-10, IL-10Ra, IL-10Rp, TGF-PI genes and/or
the amount of IL.-10, IL-10Ra, IL-10Rp, TGF-I protein.
The risk alleles in IL-10Rf or IL-10Rp may affect gene
function (i.e. reduced mRNA expression and/or protein) by
altering the mRNA secondary structure, the stability of
mRNA or RNA splicing. Thus the present disclosure also
includes a method of screening for, diagnosing, identifying
susceptibility to or detecting a risk of developing mastitis by
measuring the mRNA expression or protein of the IL-10R 3 or
IL-10RP gene, wherein an altered amount compared to con-
trol levels is indicative of an increased risk of mastitis.

The methods of the disclosure including screening for,
diagnosing, identifying susceptibility to or detecting a risk of
developing mastitis, and for selecting a subject having an
absence of at least one SNP associated with mastitis for a
breeding program can be used in addition to or in combination
with other methods.

D. Methods of Screening for, Diagnosing, Identifying Sus-
ceptibility to or Detecting a Risk of Developing Johne’s Dis-
ease, and Selecting for a Breeding Program

In one embodiment of the methods and uses for inflamma-
tory disease, the inflammatory disease is Johne’s disease.
Accordingly, in another embodiment, the at least one SNP
identified in a gene associated with inflammatory disease is a
SNP associated with MAP infection. In another embodiment,
the SNP associated with MAP infection comprises one of the
SNPs in SEQ ID NOS: 7-19.

The present inventors have associated the identified indi-
vidual SNPs and/or SNP haplotypes to Johne’s disease. In
particular, the present inventors have determined the associa-
tion of the identified SNPs and/or SNP haplotypes to Johne’s
disease using an antibody response to Mycobacterium avium
paratuberculosis (MAP) infection.

Accordingly, one embodiment of the present disclosure is
a method of screening for, diagnosing, identifying suscepti-
bility to or detecting a risk of developing Johne’s discase
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comprising determining the presence or absence of at least
one of the SNPs associated with MAP infection, such as the
SNPs described in SEQ ID NOS: 7-19, in a subject; wherein
detecting the presence of at least one of the SNPs associated
with MAP infection is indicative of an increased risk of
Johne’s disease in the subject, and the absence of at least one
of the SNPs associated with MAP infection is indicative of a
decreased risk of Johne’s disease in the subject. The increased
risk is relative to a subject having an absence of at least one of
the SNPs associated with MAP infection. The present disclo-
sure also provides use of a composition of the disclosure for
screening for, diagnosing, identifying susceptibility to or
detecting a risk of developing Johne’s disease, and selecting
a subject having an absence of at least one SNP associated
with MAP infection for a breeding program.

The term “Johne’s disease” refers to an inflammatory dis-
ease, and in particular refers to a chronic inflammatory bowel
disease which is caused by an infection with Mycobacterium
avium paratuberculosis (MAP), which is also described
herein as “MAP infection”. MAP infection may be assessed
by detecting MAP-specific antibodies and/or by detecting
MAP bacteria. MAP bacteria may be detected using molecu-
lar diagnostics including for example, analyzing fecal culture
or performing any other suitable molecular diagnostics test
such as PCR. Symptomatic indications for MAP infection
include without limitation chronic wasting, diarrhea and/or
intestinal lesion.

The phrase “screening for, diagnosing, identifying suscep-
tibility to or detecting a risk of developing Johne’s disease”
refers to amethod or process of determining if a subject has an
increased risk of or predisposition to or increased suscepti-
bility to Johne’s disease (i.e. by detecting the presence of at
least one of the SNPs associated with MAP infection), or ifa
subject does not have an increased risk of Johne’s disease.
The increased risk or increased susceptibility to Johne’s dis-
ease is measured relative to a subject having an absence of the
SNPs associated with MAP infection as described herein. For
example, MAP infection may be determined by identifying
the presence of MAP-specific antibodies.

In one embodiment, the at least one SNP associated with
MAP infection comprises one of the SNPs in SEQ ID NOS:
7-19.

In another embodiment, the at least one SNP associated
with MAP infection comprises one of the SNPs in SEQ ID
NOS: 10, 11, 13 and 14.

In a further embodiment, the at least one SNP associated
with MAP infection comprises the SNP in SEQ ID NOS: 9,
10 and 12.

Another embodiment in the method of screening for, diag-
nosing, identifying susceptibility to or detecting a risk of
developing Johne’s disease comprising detecting the pres-
ence or absence of at least one of the SNPs associated with
MAP infection in a subject, further comprises selecting a
subject for a breeding program based on the presence or
absence of the SNP associated with MAP infection. In one
embodiment, a subject having an absence of the SNP associ-
ated with MAP infection is selected for the breeding program.
In another embodiment, the breeding program leads to sub-
jects with reduced incidence of MAP infection and/or Johne’s
disease and enhanced genetic resistance to MAP infection
and/or Johne’s disease.

As used herein, “subjects with reduced incidence of MAP
infection and/or Johne’s disease” include for example sub-
jects exhibiting a reduction in the clinical indications of MAP
infection, including asymptomatic and symptomatic indica-
tions. For example, a reduction in indications of MAP infec-
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tion includes without limitation a reduction in the presence of
MAP-specific antibodies, wasting, diarrhea and/or intestinal
lesions.

The term “subjects with enhanced genetic resistance to
Johne’s disease™ refers to an increase in the number of sub-
jects in a population of subjects having an absence of at least
one of the SNPs associated with MAP infection. In another
embodiment, subjects with reduced incidence of Johne’s dis-
ease and enhanced genetic resistance to Johne’s disease result
in improved health of subjects. As used herein “improved
health of subjects” refers to subjects not exhibiting clinical
indications of Johne’s disease and/or subjects having an
absence of at least one of the SNPs associated with MAP
infection.

In another embodiment, reduced incidence of Johne’s dis-
ease and enhanced genetic resistance to Johne’s disease leads
to a decrease in the risk of human exposure to MAP infection.

The present inventors also identified and determined that
various haplotypes, namely, AAT, CAC and AAC, in three of
the SNPs in the IL-10Ra gene, namely, SNP IL-10Ra
1047C>A; SNP IL-10Ra 1398G>A; and SNP IL-10Ra
1599C>T showed different effects on MAP infection as com-
pared to the most frequent haplotype in the positive cohort,
AGC. As noted above, the present inventors found that SNP
IL-10Ra 1398G>A is completely linked to at least three
SNPs, namely, SNP IL-10Ra 1512C>T; SNP IL-10Rc
1683T>C; and SNP IL-10R¢. 1716 A>G. Therefore, the vari-
ous haplotypes identified by the inventors, namely, AAT,
CAC and AAC, also comprise these at least three SNPs.

The present inventors found that haplotype AGC was more
commonly found in the positive cohort and was thus associ-
ated with MAP infection. In contrast haplotype AAT was
more commonly found in the negative cohort. Accordingly, in
one embodiment, a subject having the AAT SNP haplotype is
selected for the breeding program. In another embodiment, a
subject having the AGC SNP haplotype is not selected for the
breeding program.

As noted above, the present inventors found that the SNPs
identified in SEQ ID NOS: 10, 11, 13 and 14 are completely
linked; and also found that the SEQ ID NOS: 9, 10 and 12 are
in linkage disequilibrium. The inventors further identified
various haplotypes associated with MAP infection using the
SNPs in SEQ ID NOS: 9, 10 and 12.

Accordingly, another embodiment of the present disclo-
sure is a method of using linkage disequilibrium to identity
alleles or haplotypes associated with MAP infection that are
present in a subject, for example, by using techniques
described herein to detect SNPs, which have been applied to
identify the SNP alleles and haplotypes associated with MAP
infection described herein. In another embodiment, the
present disclosure includes selecting a subject for the breed-
ing program comprising using SNPs that are in linkage dis-
equilibrium and thus are genetically linked to the SNPs asso-
ciated with MAP infection described herein.

Without wishing to be bound by a particular theory, the
SNPs described herein may alter the gene expression of the
1L-10, IL-10R @, IL-10RB, TGF-PI genes and/or the amount
of IL-10,IL-10Ra, IL-10R B, TGF-PI protein. Therisk alleles
in IL-10Rf or IL-10R} may affect gene function (i.e. reduced
mRNA expression and/or protein) by altering the mRNA
secondary structure, mRNA folding, the stability of mRNA or
RNA splicing. Thus the present disclosure also includes a
method of screening for, diagnosing, identifying susceptibil-
ity to or detecting a risk of developing Johne’s disease by
measuring the mRNA expression or protein of the IL-10R 3 or
IL-10RP gene, wherein an altered amount compared to con-
trol levels is indicative of an increased risk of Johne’s disease.
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The methods of the disclosure including screening for,
diagnosing, identifying susceptibility to or detecting a risk of
developing Johne’s disease, and for selecting a subject having
an absence of at least one SNP associated with MAP infection
for a breeding program can be used in addition to or in
combination with other methods.

E. Methods of Detecting SNPs

The methods described in the present disclosure, including
for example, screening for, diagnosing, identitying suscepti-
bility or detecting a risk of developing inflammatory diseases,
including mastitis and/or Johne’s disease and map infection,
include detecting the presence or absence of the respective
associated SNPs identified and described herein.

A person skilled in the art will appreciate that a number of
methods can be used to measure or detect the presence of the
SNPs identified in the present disclosure. For example a vari-
ety of techniques are known in the art for detecting a SNP
within a sample, including genotyping, microarrays, direct
sequencing, restriction mapping, Restriction Fragment
Length Polymorphism, Southern Blots, SSCP, dHPLC,
single nucleotide primer extension, allele-specific hybridiza-
tion, allele-specific primer extension, oligonucleotide liga-
tion assay, and invasive signal amplification, Matrix-assisted
laser desorption/ionization time-of-flight (MALDI-TOF)
mass spectrometry, and Fluorescence polarization (FP). Such
methods optionally employ the isolated nucleic acid mol-
ecules of the disclosure.

Accordingly, in one embodiment, the SNPs are detected by
genotyping. Methods of genotyping are well known in the art.
In one method, primers flanking the SNP are selected and
used to amplify the region comprising the SNP. The amplified
region is then sequenced using DNA sequencing techniques
known in the art and analyzed for the presence of the SNP
alleles.

In another embodiment, the method of detecting a SNP
comprises using a probe. For example, an amplified region
comprising the SNP is hybridized using a composition com-
prising a probe specific for the SNP allele under stringent
hybridization conditions. For example, isolated nucleic acids
that bind to SNP alleles at high stringency may be used as
probes to determine the presence of the allele. Nucleic acids
may be labeled with a detectable marker. The marker or label
is typically capable of producing, either directly or indirectly,
a detectable signal. For example, the label may be radio-
opaque or a radioisotope, such as *H, '*C, 3P, 3°S, 1231, 12°],
1311; a fluorescent (fluorophore) or chemiluminescent (chro-
mophore) compound, such as fluorescein isothiocyanate,
rhodamine or luciferin; an enzyme, such as alkaline phos-
phatase, beta-galactosidase or horseradish peroxidase; an
imaging agent; or a metal ion. In one embodiment of the
present disclosure, an isolated nucleic acid sequence specifi-
cally hybridizes to at least one of the SNPs in SEQ ID NOS:
7-19.

The term “probe” refers to a nucleic acid sequence that will
hybridize to a nucleic acid target sequence. In one example,
the probe hybridizes to a sequence comprising a specific SNP
allele or its complement under stringent conditions, but will
not to the corresponding alternative allele or its complement.
The length of probe depends on the hybridization conditions
and the sequences of the probe and nucleic acid target
sequence. In one embodiment, the probe is 8-100, 8-200 or
8-500 nucleotides in length, such as 1-7, 8-10, 11-15, 16-20,
21-25,26-50,51-75,76-100, 101-150 or 151-200 nucleotides
in length or at least 200, 250, 400, 500 or more nucleotides in
length. In other embodiments, 10, 15, 20 or 25 nucleotides
provide a lower end for the aforementioned nucleotide
ranges.
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The term “hybridize” refers to the sequence specific non-
covalent binding interaction with a complementary nucleic
acid. By “high stringency conditions™ it is meant that condi-
tions are selected which promote selective hybridization
between two complementary nucleic acid molecules in solu-
tion. Hybridization may occur to all or a portion of a nucleic
acid sequence molecule. The hybridizing portion is typically
at least 15-20, 21-25, 26-30, 31-40, 41-50 or 50 or more
nucleotides in length. Those skilled in the art will recognize
that the stability of a nucleic acid duplex, or hybrids, is deter-
mined by the Tm, which in sodium containing buffers is a
function of the sodium ion concentration and temperature
(Tm=81.5° C.-16.6 (Log 10 [Na+])+0.41(% (G+C)-600/1),
or similar equation). Accordingly, the parameters in the wash
conditions that determine hybrid stability are sodium ion
concentration and temperature. In order to identify molecules
that are similar, but not identical, to a known nucleic acid
molecule a 1% mismatch may be assumed to result in about a
1° C. decrease in Tm, for example if nucleic acid molecules
are sought that have a >95% identity, the final wash tempera-
ture will be reduced by about 5° C. Based on these consider-
ations those skilled in the art will be able to readily select
appropriate hybridization conditions. In preferred embodi-
ments, stringent hybridization conditions are selected. By
way of example the following conditions may be employed to
achieve stringent hybridization: hybridization at 5x sodium
chloride/sodium citrate (SSC)/SxDenhardt’s solution/1.0%
SDS at Tm-5° C. for 15 minutes based on the above equation,
followed by a wash of 0.2xSSC/0.1% SDS at 60° C. It is
understood, however, that equivalent stringencies may be
achieved using alternative buffers, salts and temperatures.
Additional guidance regarding hybridization conditions may
be found in: Current Protocols in Molecular Biology, John
Wiley & Sons, N.Y., 1989, 6.3.1-6.3.6 and in: Sambrook et
al., Molecular Cloning, a Laboratory Manual, Cold Spring
Harbor Laboratory Press, 1989, Vol. 3.

In another embodiment, SNPs may be detected using a
primer extension assay. Briefly, an interrogation primer is
hybridized to the sequence nucleotides immediately
upstream of the SNP nucleotide. A DNA polymerase then
extends the hybridized interrogation primer by adding a base
that is complementary to the SNP. The primer sequence con-
taining the incorporated base is then detected using methods
known in the art. In one embodiment, the added base is a
fluorescently labeled nucleotide. In another embodiment, the
added base is a hapten-labelled nucleotide recognized by
antibodies.

In a further embodiment, SNPs may be detected using
restriction enzymes. For example, amplified products can be
digested with a restriction enzyme that specifically recog-
nizes sequence comprising one of the SNP alleles, but does
not recognize the other allele. PCR may be used to amplify
DNA comprising a SNP, and amplified PCR products are
subjected to restriction enzyme digestion under suitable con-
ditions and restriction products are assessed. If for example a
specific SNP allele corresponds to a sequence digested by the
restriction enzyme, digestion is indicative of detecting that
particular SNP allele. Restriction products may be assayed
electrophoretically as is common is the art.

SNP alleles may also be detected by a variety of other
methods known in the art. For example, PCR and RT-PCR
and primers flanking the SNP can be employed to amplify
sequences and transcripts respectively in a sample compris-
ing DNA (for PCR) or RNA (for RT-PCR). The amplified
products are optionally sequenced to determine which of the
SNP alleles is present in the sample.
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Accordingly, the disclosure provides in one aspect, meth-
ods and nucleic acid molecules useful for detecting SNPs. In
one embodiment, SNPs are detected by obtaining genomic
DNA and primers flanking the SNP are used to amplify the
region comprising the mutation. Sequencing is optionally
employed to determine which SNP allele is present in the
sample. Alternatively, for a sample comprising RNA, the
RNA is reverse transcribed, primers flanking the SNP are
used to amplify the region comprising the SNP, and sequenc-
ing is employed to determine which SNP allele is present.
SNPs may also be detected using a composition comprising a
probe specific for the mutated sequence.

Alternatively SNP alleles are optionally detected by a vari-
ety of other techniques known in the art including microar-
rays, hybridization assays, PCR based assays, molecular bea-
cons, Dynamic allele-specific hybridization (DASH) and/or
combinations of these.

Since it is known that linkage disequilibrium is exhibited in
subject populations, for example in cattle populations, SNP
alleles or SNP haplotypes that are not identified hereinabove
may be determined by techniques known in the art, as applied
to the SNP alleles and/or SNP haplotypes identified and
described herein.

F. Methods of Treating Inflammatory Diseases & Uses of an
Agent to Treat Inflammatory Diseases

In another embodiment, the present disclosure provides a
method of treating inflammatory disease in a subject com-
prising (a) detecting the presence or absence of at least one of
the SNPs associated with inflammatory disease; and (b)
administering to the subject, if at least one of the SNPs asso-
ciated with disease is present, an effective amount of an agent
that treats inflammatory disease.

The present disclosure also provides for use of an agent for
treating inflammatory disease. Accordingly, another aspect of
the present disclosure includes use of an agent for treating
inflammatory disease in a subject, the subject comprising at
least one of the SNPs associated with inflammatory disease,
wherein the presence of the at least one SNP associated with
inflammatory disease has been detected in the subject.

In one embodiment, inflammatory disease is mastitis or
Johne’s disease. In another embodiment, the at least one of
the SNPs associated with inflammatory disease comprises a
SNP associated with mastitis and/or a SNP associated with
MAP infection. In another embodiment, the SNP associated
with mastitis comprises one of the SNPs in SEQ ID NOS:
7-17. In another embodiment, the SNP associated with MAP
infection comprises one of the SNPs in SEQ ID NOS: 7-19.1n
a further embodiment, the method treats mastitis wherein an
effective amount of an agent that treats mastitis is adminis-
tered. In another embodiment, the method treats Johne’s dis-
ease wherein an effective amount of an agent that treats
Johne’s disease is administered.

The phrase “treats mastitis” refers to inhibiting mastitis,
preventing mastitis, decreasing the severity of mastitis or
improving signs and symptoms related to having mastitis.
The phrase “treats Johne’s disease” refers to inhibiting
Johne’s disease, preventing Johne’s disease, decreasing the
severity of Johne’s disease or improving signs and symptoms
related to having Johne’s disease by inhibiting MAP infec-
tion, preventing MAP infection, decreasing the severity of
MAP infection, or improving signs and symptoms related to
having MAP infection.

The term “effective amount” means a quantity sufficient to,
when administered to the subject, achieve a desired result, for
example an amount effective to inhibit, decrease the severity
of, or improve signs and clinical indications related to inflam-
matory disease, including mastitis and/or Johne’s disease, in
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a subject. Effective amounts of therapeutic may vary accord-
ing to factors such as the disease state, age, sex, weight of the
animal. Dosage or treatment regime may be adjusted to pro-
vide the optimum therapeutic response.

The term “agent that treats mastitis” refers to any agent that
inhibits mastitis, prevents mastitis, decreases the severity of
mastitis or improves signs and symptoms related to having
mastitis. Agents suitable for treating mastitis would be known
to those skilled in the art.

The term “agent that treats Johne’s disease” refers to any
agent that inhibits MAP infection, prevents MAP infection,
decreases the severity of MAP infection, or improves signs
and symptoms related to having MAP infection. Agents suit-
able for treating Johne’s disease would be known to those
skilled in the art.

A “treatment” regime of a subject with an effective amount
may consist of a single administration, or alternatively com-
prise a series of applications. The length of the treatment
period depends on a variety of factors, such as the severity of
the disease, the age of the subject, the concentration and the
activity of the agent, or a combination thereof. It will also be
appreciated that the effective dosage of the compound used
for the treatment or prevention may increase or decrease over
the course of a particular treatment or prevention regime.
Changes in dosage may result and become apparent by stan-
dard diagnostic assays known in the art. The compounds of
the present disclosure may be administered before, during or
after exposure to inflammatory diseases, including for
example, mastitis and/or Johne’s disease.

As used herein, and as well understood in the art, “treat-
ment” is an approach for obtaining beneficial or desired
results, including clinical results. Beneficial or desired clini-
cal results can include, but are not limited to, alleviation or
amelioration of one or more symptoms or conditions, dimin-
ishment of extent of disease, stabilized (i.e. not worsening)
state of disease, preventing spread of disease, delay or slow-
ing of disease progression, amelioration or palliation of the
disease state, and remission (whether partial or total),
whether detectable or undetectable. “Treatment” can also
mean prolonging survival as compared to expected survival if
not receiving treatment.

The methods and uses of treating inflammatory disease of
the disclosure can be used in addition to or in combination
with other options for treatment.

III. Compositions

The present disclosure provides compositions comprising
isolated nucleic acid sequences and/or primer pairs that may
be used to detect the presence or absence of the SNPs iden-
tified and disclosed herein. Methods of detecting SNPs are
described elsewhere in the disclosure and may be used in
addition to or in combination with the compositions discloses
herein.

Accordingly, one aspect of the disclosure is a composition
comprising an isolated nucleic acid sequence that specifically
hybridizes to at least one of SEQ ID NOS: 7-19 or their
complements. The composition is useful as a probe to detect
the presence or absence of at least one of the specific SNPs
and/or SNP haplotypes associated with mastitis and/or MAP
infection, for example, the SNPs identified SEQ ID NOS:
7-19. In another embodiment, the composition comprises at
least two isolated nucleic acid sequences that specifically
hybridize to SEQ ID NOS: 7-19 or their complements.

The phrase “specifically hybridizes to at least one of SEQ
ID NOS: 7-19 or their complements” means that under the
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same conditions, the isolated nucleic acid sequences in SEQ
1D NOS: 7-19 will not hybridize to their corresponding wild-
type sequence.

The present inventors have identified primers or primer
pairs suitable for detecting the identified SNPs described
herein, which are shown in Tables 1 and 5 (SEQ ID NOS:
20-45). Accordingly, one embodiment of the present disclo-
sure includes an isolated nucleic acid molecule that is the
amplification product of one of the primer pairs identified in
SEQ ID NOS: 20-45.

Another embodiment of the present disclosure includes a
composition of two or more isolated nucleotide sequences,
wherein the sequences comprise forward and reverse primers
that amplify the SNPs identified in SEQ ID NOS: 7-19.

The term “primer” or “primers” as used herein refers to a
nucleic acid sequence, whether occurring naturally as in a
purified restriction digest or produced synthetically, which is
capable of acting as a point of synthesis of when placed under
conditions in which synthesis of a primer extension product,
which is complementary to a nucleic acid strand is induced
(e.g. in the presence of nucleotides and an inducing agent
such as DNA polymerase and at a suitable temperature and
pH). The primer must be sufficiently long to prime the syn-
thesis of the desired extension product in the presence of the
inducing agent. The exact length of the primer will depend
upon factors, including temperature, sequences of the primer
and the methods used. A primer typically contains 15-25 or
more nucleotides, although it can contain less, such as 8-14
nucleotides. The factors involved in determining the appro-
priate primer and/or length of primer are readily known to one
of ordinary skill in the art.

In another embodiment, the disclosure provides a compo-
sition of two or more isolated nucleic acid sequences that are
specific primers able to amplify a sequence containing: SEQ
ID NO: 7 and/or SEQ ID NO: 8 inthe IL.-10 gene; and/or SEQ
ID NO: 9 and/or SEQ ID NO: 10 and/or SEQ ID NO: 11
and/or SEQ ID NO:12 and/or SEQ ID NO:13 and/or SEQ ID
NO: 14 in the IL-10Ra gene; and/or SEQ ID NO: 15 and/or
SEQID NO: 16 in the IL-10R gene; and/or SEQ ID NO: 17
in the TGF-BI gene; and/or SEQ ID NO: 18 and/or SEQ ID
NO: 19 in the NRAMP1 gene.

In one embodiment, primers for amplifying the SNP IL-10
969T>C; NCBI dbSNP ssID: ss104807640 location com-
prise a SNP Forward primer 5'-AGCCAGCAGCTCT-
CAAAGTC-3' (SEQ ID NO:20) and a SNP Reverse primer
5-GTGTTCAGTGTGGTCCTGGAT-3' (SEQ ID NO:21).

In one embodiment, primers for amplifying the SNP IL-10
1220A>C; NCBI dbSNP ssID: ss104807641 location com-
prise a SNP Forward primer 5-GGTAAAGCAGTCCT-
GAATCCAA-3' (SEQ ID NO:22) and a SNP Reverse primer
5-TCCTTCATGGGCCCTATTT-3' (SEQ ID NO:23).

In one embodiment, primers for amplifying the SNP
IL-10Ra 1047C>A; NCBI dbSNP ssID: ss104807642 loca-
tion comprise a SNP Forward primer 5'-TCGTGTTTAT-
TGCTCTGGTTGT-3' (SEQ ID NO:24) and a SNP Reverse
primer 5'-CCTGCTTCCTTCCCTCCT-3' (SEQ ID NO:25).

In one embodiment, primers for amplifying the SNP
IL-10Rc 1398G>A; NCBI dbSNP ssID: 55104807643 loca-
tion comprise a SNP Forward primer 5'-GGGTTCCTGCTG-
GTGACTC-3' (SEQ ID NO:26) and a SNP Reverse primer
5'-GCCAATGCCACTGTCCTC-3' (SEQ ID NO:27).

In one embodiment, primers for amplifying the SNP
IL-10Ra 1512C>T; NCBI dbSNP ssID: ss104807644 loca-
tion comprise a SNP Forward primer 5'-GGGTTCCTGCTG-
GTGACTC-3' (SEQ ID NO:28) and a SNP Reverse primer
5'-GCCAATGCCACTGTCCTC-3' (SEQ ID NO:29).
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In one embodiment, primers for amplifying the SNP
IL-10Rc 1599C>T; NCBI dbSNP ssID: s5104807645 loca-
tion comprise a SNP Forward primer 5-AGTGCAGA-
CAGCGGGATCT-3' (SEQ ID NO:30) and a SNP Reverse
primer S5-TTCTTCAGGGGTCTGCAAAG-3' (SEQ ID
NO:31).

In one embodiment, primers for amplifying the SNP
IL-10Rc 1683T>C; NCBI dbSNP ssID: s5104807646 loca-
tion comprise a SNP Forward primer 5-AGTGCAGA-
CAGCGGGATCT-3' (SEQ ID NO:32) and a SNP Reverse
primer S5-TTCTTCAGGGGTCTGCAAAG-3' (SEQ ID
NO:33).

In one embodiment, primers for amplifying the SNP
IL-10Ra 1716A>G, NCBI dbSNP ssID: 55104807647 loca-
tion comprise a SNP Forward primer 5-AGTGCAGA-
CAGCGGGATCT-3' (SEQ ID NO:34) and a SNP Reverse
primer S5-TTCTTCAGGGGTCTGCAAAG-3' (SEQ ID
NO:35).

In one embodiment, primers for amplifying the SNP
IL-10Rp 542C>T, NCBI dbSNP ssID: 55104807648 location
comprise a SNP Forward primer 5'-GGGAATTCAGG-
GAATAAAGCA-3' (SEQ ID NO:36) and a SNP Reverse
primer 5-CTGTTTGGGGAATGCAGATT-3' (SEQ ID
NO:37).

In one embodiment, primers for amplifying the SNP
IL-10R 608 A>G, NCBIdbSNP ssID: ss104807649 location
comprise a SNP Forward primer 5'-GGGAATTCAGG-
GAATAAAGCA-3' (SEQ ID NO:38) and a SNP Reverse
primer 5-CTGTTTGGGGAATGCAGATT-3' (SEQ ID
NO:39).

In one embodiment, primers for amplifying the SNP TGF-
pI 701C>T, NCBI dbSNP ssID: 55104807650 location com-
prise a SNP Forward primer 5'-CCCTTGCCAAACACT-
GACA-3' (SEQ ID NO:40) and a SNP Reverse primer
5'-CCTAGCCCAGGCCACTTT-3' (SEQ ID NO:41).

In one embodiment, primers for amplifying the SNP
NRAMP1 723C>T, NCBI dbSNP ssID: ss104807654 loca-
tion comprise a SNP Forward primer 5'-TCCTCTG-
GAGAAGGGAAAGG-3' (SEQ ID NO:42) and a SNP
Reverse primer 5'-ATTCAGAGGCAGGAGTCGAG-3'
(SEQ ID NO:43).

In one embodiment, primers for amplifying the SNP
NRAMP1 1139C>G, NCBI dbSNP ssID: 5104807655 loca-
tion comprise a SNP Forward primer 5'-ACATGTGTTGGC-
CAAGTGAA-3' (SEQID NO:44) and a SNP Reverse primer
5'-ACATCCGAGTCCTGAGTGGT-3' (SEQ ID NO:45).

The compositions described herein are useful to identify or
detect the presence of or absence of the SNPs and/or SNP
haplotypes associated with inflammatory diseases, including
for example, mastitis and/or MAP infection.

IV. Kits

Another aspect of the present disclosure is a kit for screen-
ing for, diagnosing, identifying susceptibility to or detecting
a risk of developing inflammatory disease, for selecting a
subject having an absence of at least one of the SNPs associ-
ated with inflammatory disease for a breeding program; and
for treating inflammatory disease. In one embodiment, the kit
comprises a probe that specifically hybridizes to a SNP asso-
ciated with inflammatory disease as disclosed herein or spe-
cific primers that amplify a region comprising a SNP associ-
ated with inflammatory disease as disclosed herein and/or
instructions for use. The kit can also include ancillary agents.
For example, the kits can include vessels for storing or trans-
porting the probes and/or primers; a control; instruments for
obtaining a sample; and/or buffers or stabilizers.
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In one embodiment, the inflammatory disease is mastitis.
In another embodiment, the at least one SNP identified in a
gene associated with inflammatory disease is a SNP associ-
ated with mastitis. Accordingly, in one embodiment, the kit
comprises a probe that specifically hybridizes to a SNP asso-
ciated with mastitis as disclosed herein or specific primers
that amplify a region comprising a SNP associated with mas-
titis as disclosed herein and/or instructions for use.

In another embodiment, the inflammatory disecase is
Johne’s disease. In another embodiment, the at least one SNP
identified in a gene associated with inflammatory disease is a
SNP associated with MAP infection. Accordingly, in another
embodiment, the kit comprises a probe that specifically
hybridizes to a SNP associated with MAP infection as dis-
closed herein or specific primers that amplify a region com-
prising a SNP associated with MAP infection as disclosed
herein and/or instructions for use. The kit can also include
ancillary agents described above.

The above disclosure generally describes the present dis-
closure. A more complete understanding can be obtained by
reference to the following specific examples. These examples
are described solely for the purpose of illustration and are not
intended to limit the scope of the disclosure. Changes in form
and substitution of equivalents are contemplated as circum-
stances might suggest or render expedient. Although specific
terms have been employed herein, such terms are intended in
a descriptive sense and not for purposes of limitation.

The following non-limiting examples are illustrative of the
present disclosure:

EXAMPLES
Example 1
Summary

Genetic variants in the form of SNPs in candidate anti-
inflammatory genes that contribute to host susceptibility to
mastitis were identified.

It is known that host genetics play a role in determining an
animal’s susceptibility to an intramammary infection (IMI).
Evidence for this lies in the identification of quantitative trait
loci (QTL) on nearly every bovine chromosome for either
clinical mastitis or milk somatic cell score (SCS) (Rupp and
Boichard 2003), and reported heritability estimates between
0.03 and 0.04 for clinical and subclinical mastitis (Bloemhof
etal. 2008; Carlen et al. 2005), and between 0.08 and 0.13 for
SCS (Holtsmark et al. 2008; Rupp and Boichard 1999). Milk
SCS, a measure of the average number of somatic cells found
inmilk, is a heritable trait that is positively correlated with the
incidence of clinical and subclinical mastitis (0.66<r<0.94)
(de Haas et al. 2008). This indirect relationship between milk
SCS and the incidence of mastitis has allowed the dairy
industry to use estimated breeding values (EBVs) for SCS to
select sires and dams with enhanced genetic resistance to
mastitis for breeding programs. Since the large number of
QTL associated with clinical mastitis and SCS suggests that
the resistance to mastitis trait is polygenic in nature, the
identification of SNPs that contribute to variation in these
traits will require the interrogation of numerous genes, some
of'which are likely to be involved in regulating inflammation.

The host response to acute mastitis can generally be
divided into two complementary phases: the pro-inflamma-
tory phase associated with the onset of IMI, and the subse-
quent anti-inflammatory phase associated with its resolution.
This innate host response may not only be sufficient to control
infection, it also provides time for activation of the acquired
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immune system, which provides long-term protection to the
host via the production of antigen-specific lymphocytes
(Medzhitov and Janeway, Jr. 1997). From the host’s perspec-
tive, rapid elicitation of the pro-inflammatory phase is ben-
eficial, since it promotes the activation and recruitment of
bactericidal phagocytic cells, such as neutrophils and mac-
rophages into the mammary gland to control the spread of
infection. However, if this phase is excessive or prolonged, it
can contribute to mammary tissue damage as a result of
over-exposure to the cytotoxic enzymes and reactive oxygen
species released by these cells. The subsequent anti-inflam-
matory phase is therefore critical for protecting the host tis-
sues from excessive inflammation, however, if it occurs pre-
maturely or in excess, it also has the potential to compromise
the host defense against IMI. Clearly, it is necessary for these
two phases to be tightly regulated by a complex system of
checks and balances in order to ensure that a chronic inflam-
matory or an infective state does not ensue (Brown et al.
2007).

A select group of pro- and anti-inflammatory cytokines and
their receptors are likely involved in regulating the mammary
inflammatory response during IMI; two such candidates are
interleukin (IL-) 10 and transforming growth factor (TGF-)
p1. These cytokines are known to have a prominent anti-
inflammatory role at mucosal surfaces, partly through the
action of regulatory T cells (CD4+CD25+) (Bingisser and
Holt 2001; Lehner 2008; MacDermott 1996). During E. coli,
S. aureus, or Mycoplasma bovis IMI, levels of IL.-10 are
increased in mammary gland tissue and in milk (Bannerman
et al. 2004; Kauf et al. 2007; Zhu et al. 2008). Furthermore,
rodent studies have demonstrated that the administration of
exogenous I[.-10 reduces the fever response in rats chal-
lenged with lipopolysaccharide (LPS) or heat-killed S. aureus
(Cartmell et al. 2003). Higher levels of TGF-f§1 have also
been detected in the milk of dairy cattle following an E. coli
or S. aureus IMI (Bannerman et al. 2006; Chockalingam et al.
2005).

A. Sample Population and Trait Records

The sample population consisted of 500 Holstein, 83 Jer-
sey and 50 Guernsey bulls. Holstein bulls were selected
across 25 sire families on the basis of extreme EBVs for SCS
and protein yield. Each sire family consisted, on average,
20x4.5 sons (max=27, min=10). Jersey and Guernsey bulls
were selected without pre-evaluation of EBVs and were dis-
tributed amongst 33 (max=8, min=1) and 30 (max=4, min=1)
sire families, respectively. Pedigree data and EBV's for SCS
were obtained from the Canadian Dairy Network (Guelph,
Ontario, Canada) genetic evaluation database (April 2008).
Somatic cell score is calculated as log,(SCC/100,000)+3;
where SCC is the somatic cell count per milliliter of milk
(Reents et al. 1995).

B. DNA extraction and snp discovery

Genomic DNA was extracted from semen generously pro-
vided by the Semex Alliance (Guelph, Ontario, Canada)
using a phenol-chloroform procedure (Winfrey et al. 1997)
with slight modifications to accommodate the bench-top cen-
trifuge and the rotor. Quality and quantity of DNA were
monitored by ultraviolet spectrometry.

All SNPs were identified by sequencing PCR amplicons
from each candidate gene using a DNA pool constructed with
DNA from 40 Holstein bulls according to Pant et al. (Pant et
al. 2007) and Sharma et al. (Sharma et al. 2006). Briefly, for
each bull, genomic DNA was extracted from semen and
adjusted to a concentration of 5 ng/pl after several rounds of
quantification using the Quant-iT PicoGreen dsDNA reagent
(Invitrogen, Carlsbad, Calif., USA) followed by dilution. The
resultant DNA pool was amplified using the Repli-g Ultrafast
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mini kit (Qiagen, Santa Clara, Calif., USA) and used as a
template for PCR amplification of the 5' untranslated region
and coding exons of each candidate gene. The PCR products
were sequenced in both 5' and 3' orientation using an ABI
Prism 3730 DNA sequencer (Applied Biosystems, Foster
City Calif., USA), and SNPs were identified by visual inspec-
tion of the electropherograms. Six genes were selected for
SNP discovery, IL-10 [NCBI-GenelD: 281246; SEQ ID
NO:1], IL-10R subunits a [NCBI-GenelD: 513478; SEQ ID
NO:2] and 13 [NCBI-GenelD: 767864; SEQ ID NO:3],
TGF-f class I [NCBI-GenelD: 282089; SEQ ID NO:4], and
TGF-PR type 1 [NCBI-GenelD: 282382] and II [NCBI-Ge-
nelD: 535376; SEQ ID NO:5]. Sequences were compared
against GLEAN models using the Apollo Genome Annota-
tion and Curation Tool to confirm correct gene structure (Ver-
sion 1.6.5) (Lewis et al. 2002). In the event of a disagreement
between respective GLEAN and NCBI gene models, as was
the case for IL-10Ra, the GLEAN model was chosen.

In total, eleven SNPs were identified: two in IL-10
(969T>C and 1220A>C); six in IL-10Ra (1047C>A,
1398G>A, 1512C>T, 1599C>T, 1683T>C, and 1716A>G);
two in IL-10Rp (542C>T, and 608 A>(), and one in TGF-61
(701C>T). Primers for SNP discovery were designed using
the software Primer3 (Rozen and Skaletsky 2000), and can be
found in Table 1. All SNPs were submitted to NCBI dbSNP
and will be released with Build 130 (Table 1). Table 1 also
indicates whether the mutation is synonymous (Syn) or non-
synonymous (Non) in addition to identifying the primer set,
forward (F) or reverse (R).

C. Materials and Methods
C.1 Genotyping and Haplotype Reconstruction

Genotyping of SNPs was conducted using the iPLEX

MassARRAY system (Sequenom inc., San Diego, Calif.,
USA). One of the eleven SNPs, I1.-10 1220A>C, was not
genotyped using this platform due to failed primer design.
Two groups of SNPs, IL-10Ra 1398G>A, 1512C>T,
1683T>C and 1716 A>G, and IL-10Rp 542C>T and 608 A>G
appeared to be in complete linkage, since nearly all of the
genotypes matched (Pearson’s r*>98%). Thus, all but one
SNP from each group was removed, resulting in six SNPs
included in the analysis. For haplotype analysis, only the
SNPsinIL-10Ra (1047C>A, 1398G>A, and 1599C>T) were
included, since none of the other genes contained multiple
SNPs and were located in different chromosomes. For both
the SNP and haplotype association analyses, only the Hol-
stein group was analyzed, since the Jersey and Guernsey
groups did not contain a sufficient number of animals. Hap-
lotypes were reconstructed using the software HAPPROB
(Boettcher et al. 2004).

C.2 Statistical Analysis

Assessment of Hardy-Weinberg equilibrium (HWE) was
performed using the package ‘hardyweinberg’ (Graffelman
and Camarena 2008) in R, version 2.6.2 (R Development
Core Team 2008). Comparison of allele frequencies across
breeds was performed using a Fisher’s exact test in R. Tests
for significance of pair-wise linkage disequilibrium (LD)
were performed as described in Krawetz and Womble
(Krawetz S A and Womble D D 2003):

(pas — paps)”
o WPaB = Pap)”

2 —
Xapar1 =1 PAPaPBLY

where: m=number of bulls genotyped; p_,z=frequency of
haplotype AB; p_,p,=frequency of alleles A and a, respec-
tively; pz,p,=frequency of alleles B and b, respectively.
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Tests for association of SNPs with deregressed EBVs for
SCS, using the software ASREML (Gilmour et al. 2006).
Analyses were performed separately for SNPs located in
different chromosomes. The model included linear regression
on the number of alleles and the bull polygenic effect:

s
Vi=p+ Zﬁk Gemy + Poly; +¢;
k=1

where: y,=deregressed SCS EBV for the i-th bull; p=overall
mean; P=linear regression coefficient (allele substitution
effect) for the k-th SNP; Gen=genotype of the k-th SNP
recoded as number of alleles (0, 1 and 2), where s is the
number of SNPs on the particular chromosome considered;
Poly; =random polygenic effect of the i-th bull; and
€,~random residual effect.

All of the available pedigree information was used for
modeling the covariance among polygenic effects throughout
the additive relationship matrix. Haplotype analysis was per-
formed using a similar model, only 3,Gen, is replaced by:

h
Z BiHap,
k=1

where: [3,=linear regression coefficient (haplotype effect)
for the k-th haplotype; Hap,=the probability for the k-th hap-
lotype, where h is the number of observed haplotypes (7). In
both cases the analyses were weighted by the number of
daughters of each bull.

Experimental-wise significance levels for all tests were
determined by Bonferroni correction.

D. Results

Due to nearly matching genotypic frequencies (Pearson’s
r*>98%), four SNPs in IL-10Ra (1398G>A, 1512C>T,
1683T>C and 1716A>G), and both SNPs in IL-10Rf
(542C>T and 608A>G) were assumed to be completely
linked.

Hence, all but one SNP from each of these genes was
dropped from analysis in order to minimize redundancy.
There were three instances in which a SNP, or group of linked
SNPs, was not in HWE (comparison-wise p<0.05): the group
of four linked SNPs in IL-10Rc in Holstein and Jersey,
IL-10Ra 1047C>A in Jersey and the two linked SNPs in
IL-10RP in Guernsey. After correcting for multiple testing
using Bonferroni’s procedure, only IL-10Ra 1047C>A in
Jersey was statistically significant at an experimental-wise
threshold of 10% (p<0.006).

Table 2 summarizes the genotype and allele frequencies of
SNPs in candidate genes across three dairy breeds after
records containing missing genotypes were removed. Data is
presented as Genotype number (%), genotypic count (fre-
quency); allele % and allelic frequency. Comparison of allele
frequencies between breeds using Fisher’s exact test revealed
an anticipated trend in which the Holstein group differed
significantly (experimental-wise p<0.01) from the Jersey and
Guernsey group, and the Jersey and Guernsey group seldom
differed. The only exceptions were for SNPs IL-10Ra
1398G>A and IL-10Rp 542C>T, where no differences were
identified, and for SNP TGF-f1 701C>T, where the Holstein
and Guernsey group both differed from the Jersey group
(Table 2).
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Table 3 demonstrates the SNP effect on somatic cell score
in Canadian Holstein bulls. The data is presented as: c.+SE,
allele substitution effectxstandard error. One SNP, IL-10Rc.
1599C>T, showed a significant association with deregressed
EBVs for SCS, with an allele substitution effect of
0.347£0.141 for the 1" allele. This effect was retained at an
experimental-wise threshold of 10% (p<0.017). The other
SNPs in IL.-10Ra, 1047C>A and 1398G>A, approached sig-
nificance for SCS, displaying allele substitution effects of
0.255+0.142 and 0.254+0.140, respectively (Table 3).

Table 4 shows the haplotypes for SNPs 1047C>A,
1398G>A and 1599C>T in IL-10Ra, their frequency in
Canadian Holstein bulls and contrasts against the most fre-
quent haplotype (AGC) for somatic cell score. The data is
presented as: (3+SE, haplotype effectxstandard error; Pval,
comparison-wise p-value; * experimental-wise p<0.10. After
haplotype reconstruction for the three SNPs in IL-10Ra
(1047C>A, 1398G>A, 1599C>T), seven haplotypes were
identified, AGC (40.8%), AAT (16.8%), AAC (16.0%), CAC
(11.0%), AGT (7.4%), CGC (5.0%) and CAT (3.0%). Four
haplotypes showed significantly different effects on SCS as
compared to the most frequent haplotype (AGC): AAT
(p=0.003), AGT (p=0.029), CGC (p=0.042) and CAT
(p=0.025). Only haplotype AAT met an experimental-wise
significance at 10% for SCS (Table 4).

E. Discussion

The present inventors sought to identify genetic variants in
the form of SNPs in candidate anti-inflammatory genes that
contribute to host susceptibility to mastitis due to IMI in dairy
cows. The SNP IL-10Ra 1599C>T was found to have sig-
nificant comparison-wise associations with deregressed
EBVs for SCS and retained its significance at an experimen-
tal-wise significance of 10% (Table 3). When haplotypes
were constructed for the IL-10Ra gene, a single haplotype,
AAT, was found to be strongly associated with SCS and
showed a significantly different effect compared to the most
prominent haplotype, AGC (Table 4).

The associations observed for SNPs in IL-10Ra indicate
that this gene influences SCS and the susceptibility to masti-
tis. This is supported by studies that have shown that IL.-10 is
induced after intramammary challenge with Gram-negative
and -positive bacteria and during the course of clinical mas-
titis (Oviedo-Boyso et al. 2007), implicating it, as well as its
receptor, in the pathogenesis of mastitis.

The IL-10 receptor complex is a heterotetramer composed
of'two of each subunit, I[.-10Ra and IL-10R . The IL.-10Rc
subunit is chiefly responsible for ligand-binding, whereas
IL-10Rp appears to mediate signal transduction (Moore et al.
2001). Unlike IL-10R B, which is constitutively expressed on
most cells, inducible IL-10Ra appears to be the major deter-
minant of cellular IL.-10 responsiveness (Ding et al. 2001;
Tamassia et al. 2008). Alignment of bovine IL.-10Ra with its
mouse orthologue reveals that all of the SNPs identified in the
present study, with exception to 1047C>A, are most likely
located in the receptor’s cytoplasmic domain. The SNPs
IL-10Ra 1398G>A, 1512C>T and 1599C>T, for example,
align with a region within the cytoplasmic domain that
defines cellular responsiveness to IL-10. Likewise, SNPs
IL-10Ra 1683T>C and 1716 A>G align with a region respon-
sible for mediating signals that stimulate cellular prolifera-
tion (Ho et al. 1995). Gasche and colleagues (Gasche et al.
2003) found that a non-synonymous SNP in the cytoplasmic
domain of human IL-10Ra rendered monocytes hyporespon-
sive to IL-10 after LPS challenge, and that this effect was
likely due to a loss-of-function. The cytoplasmic domain of
IL-10Ra is also known to be important for proper internal-
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ization, and receptors carrying mutant forms of this domain
exhibit prolonged signaling (Wei et al. 2006).

Unlike the above study by Gasche and colleagues, the
SNPs identified in IL-10Ra in this example were all synony-
mous mutations and are therefore traditionally viewed as
being phenotypically silent since they do not alter the amino
acid sequence of the subsequent protein. However, a number
of recent studies have demonstrated that synonymous muta-
tions may affect gene function by altering mRNA secondary
structure, stability, splicing (Chamary and Hurst 2005;
Salomons et al. 2007), and protein expression (Shah et al.
2008). Given this, further investigation into the potential
impact of these SNPs on IL-10R expression is justified.

A multiple regression model was used for SNPs residing on
the same chromosome, namely those in the IL.-10Ra gene.
The reason for this approach is due to the fact that SNPs in
proximity to one another are likely also in linkage disequilib-
rium (L.D), and in turn, probably have a degree of correlation
between their genotypes. This poses a problem in association
studies since highly correlated SNPs are likely to show simi-
lar effects, thus, making it difficult to discern which SNP is
the causal variant. Under low to moderate LD the confound-
ing effect of collinearity can be accounted for using a multiple
regression approach, which will give a better estimate of the
actual effect (Malo et al. 2008). However, this also leads to a
loss of power, manifested by inflated standard error for each
estimated regression coefficient, and thus, reducing the sig-
nificance of the resultant associations (Stinker and Glantz
1985). The pair-wise LD (r*) between SNPs IL-10Rc
1047C>A and 1599C>T, and 1398G>A and 1599C>T, was
0.015 and 0.09, respectively, and significant at a comparison-
wise threshold of p<0.01. This warrants the use of a multiple
regression approach. The subsequent identification of a sig-
nificant SNP eftect for IL.-10Ra 1599C>T further supports its
characterization as a causal marker. Interestingly, a QTL for
SCS has been reported on BTA1S approximately 3-5 Mb
downstream of IL.-10Ra (Ashwell et al. 2004).

In summary, the present example has shown associations
between SCS and SNPs in the IL.-10Ra gene. One SNP in
particular, 1599C>T, showed an allele substitution effect of
0.347+0.141 and retained its significance at an experimental-
wise threshold of 10%.

Another SNP in IL.-10R, 1398G>A identified also plays a
role in defining a cow’s lactation persistency (L.P) and aver-
age SCS.

Furthermore, a single haplotype in IL-10Ra, AAT, was
shown to have a significant effect on increasing SCS, as
compared to the most common haplotype. This would indi-
cate that increasing the frequency of the AGC haplotype in a
dairy herd while decreasing the frequency of AAT may have
a beneficial effect of lowering average SCS. Therefore, the
results presented here indicate that a selection program incor-
porating these markers could have a beneficial influence on
the average SCS and productivity of a dairy herd by reducing
susceptibility to mastitis.

Example 2
Summary

Genetic variants in the form of SNPs in candidate anti-
inflammatory genes that contribute to host susceptibility to
Mycobacterium avium paratuberculosis (MAP) infection
were identified.

Since resistance to MAP infection is likely polygenic in
nature, it is essential that multiple genes be investigated for
their contribution to disease resistance. Therefore, the focus
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was to identify single nucleotide polymorphisms (SNPs) in
several immune-related genes and investigate their associa-
tion with MAP infection status in dairy cattle. Interleukin
(IL)-10 and its receptor (subunits IL-10Ra and IL-10Rp),
transforming growth factor (TGF)-f1 and its receptors (TGF-
PR type I and I1), and natural resistance-associated macroph-
age protein 1 (NRAMP1) were investigated based on their
previous associations with various types of human IBD (Tam-
izifar et al., 2008; Tedde et al., 2008; Sechi et al., 2008 and
Zaahl et al., 2006). 1L.-10 and TGF-p1 collectively act to
control the host inflammatory response to microbial antigens;
IL-10 primarily operates as a feedback inhibitor of T cell
responses, and TGF-f1’s major function is to maintain T cell
tolerance to self and commensal antigens by influencing the
differentiation and homeostasis of effector and regulatory T
cells (Li et al., 2008). Natural resistance-associated macroph-
age protein 1, also known as solute carrier family 11 member
1 (SLC11A1), is an iron transporter that exhibits pleiotropic
effects on the early innate macrophage response to intracel-
Iular bacteria (McDermit et al, 2006).
A. Cohort Population

Six commercial Holstein operations in Southwestern and
Eastern Ontario were selected for sample collection based on
a previous history of high prevalence MAP infection. Blood
was collected between the months of July and September
2007 via the coccygeal (tail) vein from more than 400 dry and
lactating cows ranging in age, breed, stage of lactation, infec-
tion status, and history of MAP screening. The protocol for
collection was approved by the University of Guelph animal
care committee. Current infection status was determined by
identifying the presence of MAP-specific plasma antibodies
using the commercially available HerdChek M. pt. Antibody
ELISA Test Kit (IDEXX Laboratories, Westbrook, M E,
USA) according to manufacturer’s instructions. Infection-
free animals making up the healthy (negative) control cohort
(n=242) included animals that were older than 4.5 years of
age and had tested negative for MAP infection in previous
years (n=197), and those that were older than 5.5 years of age
without previous screening (n=45). The mean age of this
cohort was 6.4 years (range, 4.5 to 12.7 years). The infected
(positive) cohort (n=204) was made up of animals that were
considered to be infected based on the presence of MAP-
specific plasma antibodies (n=16), and a second group of
animals considered to be infected based on milk MAP-spe-
cific antibodies screening carried out by Canwest DHI
(Guelph, ON, CAN) (n=188); these milk samples were gen-
erously provided between July 2006 and November 2007,
and due to client anonymity, information such as age, pedi-
gree and location was not available. Genomic DNA was
extracted from the buffy coat of blood samples using the
DNeasy blood and tissue kit (Qiagen, Santa Clara, Calif.,
USA), and from milk according to methods previously
described (Murphy et al., 2002).
B. Single Nucleotide Polymorphism (SNP) Discovery

All SNPs were identified by sequencing PCR amplicons
from each candidate gene using a DNA pool constructed with
DNA from 40 Holstein bulls according to methods described
in previous studie (Pant et al., 2007; Sharma et al. 2006).
Briefly, for each bull, genomic DNA was extracted from
semen and adjusted to a concentration of 5 ng/pl after several
rounds of quantification using the Quant-iT PicoGreen
dsDNA reagent (Invitrogen, Carlsbad, Calif., USA) followed
by dilution. The resultant DNA pool was amplified using the
Repli-g Ultrafast mini kit (Qiagen, Santa Clara, Calif., USA),
and was then used as a template for PCR amplification of the
5" untranslated region and coding exons of each candidate
gene. Primers were designed using. Primer3 (Rozen et al.
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2000). PCR amplicons were sequenced in both 5' and 3'
orientation using an ABI Prism 3730 DNA sequencer (Ap-
plied Biosystems, Foster City Calif., USA), and SNPs were
identified by visual inspection of the electropherograms.
Seven genes were selected for SNP discovery, IL-10 [NCBI-
GenelD: 281246; SEQ ID NO:1], IL-10Ra [NCBI-GenelD:
513478; SEQ ID NO:2], IL-10Rf [NCBI-GenelD: 767864
SEQ ID NO:3], TGF-1 [NCBI-GenelD: 282089; SEQ ID
NO:4], TGF-pR type I [NCBI-GenelD: 282382] and TGF-6R
type II [NCBI-GenelD: 535376; SEQ ID NO:5] and
NRAMP1 [NCBI-GenelD: 282470, SEQ ID NO:6].
Sequences were compared against GLEAN models using the
Apollo Genome Annotation and Curation Tool to confirm
correct gene structure (Version 1.6.5) (Lewis et al., 2002). In
the event of a disagreement between respective GLEAN and
NCBI gene models, as was the case for IL10Ra, the GLEAN
model was chosen.

In total, thirteen SNPs were identified: two in IL-10

[969T>C (s5104807640) and 1220A>C (ss104807641)]; six
in IL-10Ro. [1047C>A  (ss104807642), 1398G>A
(ss104807643), 1512C>T  (ss104807644),  1599C>T

(ss104807645), 1683T>C (ss104807646), and 1716A>G
(ss104807647)]; two in IL-10Rf [542C>T (5s104807648),
and 608A>G (ss104807649)], one in TGF-f1 [701C>T
(ss104807650)], and two in NRAMP1 [723C>T
(ss104807654) and 1139C>G (ss104807655)]. All SNPs
were submitted to NCBI dbSNP (Build 130).
C. Materials and Methods
C.1. Genotyping and Haplotype Reconstruction

SNP genotyping was conducted using the iPLEX Mas-
sARRAY system (Sequenom inc., San Diego, Calif., USA).
Table 5 shows the characteristics of SNPs discovered in MO,
IL10Ra/B, TGF-B1,and NRAMP1 genes. Two of the thirteen
SNPs, IL-10 1220A>C, and NRAMP1 723C>T, were not
genotyped using this assay due to failed primer design or
inadequate quality of results (Table 5). Two groups of SNPs,
IL-10Ra 1398G>A, 1512C>T, 1683T>C and 1716A>G, and
IL-10Rp542C>T and 608A>G appeared to be completely
linked due to nearly matching genotype records (Pearson’s
r*=98%), thus all but one SNP from each group was removed
from the analysis. For haplotype analysis, only the SNPs in
IL-10Ra were included since no genes contained multiple
unlinked SNPs, or reside on the same chromosome. The
haplotypes were reconstructed in both cohorts using PHASE
(version 2.1) (Stephens et al., 2003).
C.2 Statistical Analysis

SNP associations and Akaike’s information criterion
(AIC) were determined using a logistic regression model
(PROC LOGISTIC) in SAS (version 9.1, SAS Institute Inc.,
NC, USA) as described in Zeng et al. (2005):

s
yi= i+2(akwk +dpvi) + e
=1

where: y,=MAP infection status (1=infected, O=healthy)
for the i-th cow; p=overall mean; s=number of SNPs on the
particular chromosome considered; a=additive effect for the
k-th SNP; w=genotype of the k-th SNP recoded as number of
alleles (0, 1 and 2); d=dominance effect for the k-th SNP;
v=genotype of the k-th SNP recoded as homozygote or het-
erozygote (0 and 1); and €,=random residual effect. Haplo-
type analysis was performed in SAS using a similar model,
only
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s

Z(akwk +dvy)

k=1

is replaced by

Z a Hapy,

h
k=1

where: [j,=linear regression coefficient (haplotype eftect) for
the k-th haplotype; Hap,=the probability for the k-th haplo-
type, where h is the number of observed haplotypes. Experi-
mental-wise significance levels for all tests were determined
by Bonferroni correction.

To assess multicollinearity, principal component analysis
(PCA) was performed using PROC PRINCOMP in SAS,
followed by calculation of the condition index (Belsley et al.,
1991):

P
" Qin
where: A, .M, —the largest and smallest eigen value for

the variables considered, respectively.
D. Results

Due to nearly matching genotypic frequencies (Pearson’s
r’=98%) it was assumed that four SNPs in IL-10Rc
(1398G>A, 1512C>T, 1683T>C and 1716A>G), and both
SNPs in IL-10Rf (542C>T and 608A>G) were linked.
Hence, all but one SNP from each of these genes was dropped
from analysis in order to minimize redundancy. Although not
in complete linkage, the remaining SNPs in IL-10Ra
(1047A>C, 1398G>A and 1599C>T) are relatively close to
one another, and appear to be in significant linkage disequi-
librium in Canadian Holstein bulls. As such, it was a concern
that there would be a high degree of correlation (multi-co-
linearity) between them in the present dataset, thereby inflat-
ing standard error of parameter estimates and thus, reducing
the significance of resultant associations (Slinker et al.,
1985). Principal component analysis (PCA), followed by cal-
culation of the condition index, suggests that these three
SNPs were in a state of strong multi-co-linearity (K>140),
whereas the removal of any one SNP returned the condition
index to an acceptable range (7.7<K<10.5) (Meloun et al.,
2002). Model selection based AIC subsequently determined
that IL-10Ra 1599C>T was the most appropriate SNP to
remove from the multiple regression model.

Logistic regression analysis revealed that only the SNPs in
IL-10Ra were associated to MAP infection.

Table 6 indicates the genotypic frequencies and associa-
tions of SNPs in IL10, IL10Ro/13, TGF-B1, and NRAMPI
genes with MAP infection status. The SNP IL-10Ra
1047A>C showed a moderate but non-significant additive
effect on MAP infection status (OR, 1.77 (0.97-3.25),
p=0.064), in which the ‘A’ allele was more prominent in the
positive cohort (Table 6). The group oflinked SNPs, IL-10Ra
1398G>A, 1512C>T, 1683T>C and 1716A>G, were found to
have a strong additive and dominance relationship with MAP
infection status (OR, 1.92 (1.28-2.89), p<0.002, and 2.13
(1.35-3.38), p<0.002, respectively), which were retained at
an experimental-wise significance of 5% (Table 6). The
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results suggest that the linked allele GCTA are in over-domi-
nance over the ATCG allele, and more prominent in the posi-
tive cohort.

Haplotype reconstruction of the three unlinked SNPs in
IL-10Ra (1047A>C, 1398G>A and 1599C>T) identified
four combinations using PHASE. Table 7 shows the haplo-
type frequencies in the 3' coding region of IL10Ra gene and
their association with MAP infection status. Haplotype AAC
was found in less than 1% of the sample population, whereas
haplotypes AGC, AAT and CAC represented 56%, 24% and
19% of'the entire sample population, respectively. Individual
tests for haplotype association with MAP infection revealed
that haplotype AGC was more commonly found in the posi-
tive cohort (p=0.018) and haplotype AAT in the negative
cohort (p=0.030) (Table 7). Haplotype contrasts against the
most frequent haplotype, AGC, identified a significant effect
for haplotype AAT (p=0.013)(Table 7), which was retained at
an experimental-wise level of 5%.

E. Discussion

In the following cohort, two significant associations with
MAP infection status were observed for the IL.-10Ra gene.
First, a strong association between the linked bovine SNPs
IL-10Ra 1398G>A, 1512C>T, 1683T>C and 1716A>G and
MAP infection status was detected. For these SNPs, the
linked allele GCTA is over-dominant over the ATCG allele,
and more prominent in the MAP positive cohort. Second,
when haplotype analysis was performed on SNPs IL-10Ra
1047C>A, IL-10Ra 1398G>A and IL-10Ra 1599C>T,
equally strong, inverse associations for the haplotypes AGC
and AAT with MAP infection status were observed. Consid-
ering the strong individual relationship of IL-10Ra 1398G,
1512C, 1683T and 1716A, with MAP infection status, it is not
unreasonable to assume that these linked SNPs are the pri-
mary contributor to these associations. Contrasts indicated a
strong, significant effect in reducing the proportion of
infected animals when replacing the most frequent haplotype
AGC, with AAT. This would suggest that it may be possible to
increase resistance to MAP at the population level by increas-
ing the frequency of the AAT haplotype through selective
breeding.

Interleukin-10 has emerged as an essential immunoregula-
tory cytokine during bacterial infections. In the context of
Mycobacterium spp. for example, IL-10 helps to control
excessive T helper 1 and CD8" T cell responses that contrib-
ute to the immunopathology associated with infection; it also
prevents the overproduction of 11.-4, IL.-5, and IL-13, which
can lead to severe fibrosis during the T helper 2 response
(Couper et al., 2008) This may be particularly relevant at
mucosal surfaces, since human studies have implicated func-
tional SNPs in the I[.-10 gene as risk factors for IBD (Tedde
et al., 2008) and tuberculosis (Ates et al., 2008). In cattle,
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1L-10 is up-regulated during subclinical and clinical MAP
infections (Karcher et al., 2008 and Khalifeh, 2004), and its
neutralization has been shown to promote the activation of
MAP-infected bovine macrophages and subsequent killing of
the organism (Weiss et al., 2005). Similar findings have also
been demonstrated with human infection studies performed
in vitro using Mycobacterium tuberculosis (Fiettaetal., 2001;
Al-Attyiah et al., 2008).

Although the present example found no association
between variants in the bovine IL-10 gene and MAP infec-
tion, it did provide evidence that variants in the IL-10Ra
gene, which encodes the ligand-binding subunit of the
IL-10R and is a major determinant of IL-10 responsiveness
(Ding et al., 2001; Tarnassia et al., 2008), contributes to
susceptibility to MAP infection. The present inventors are
unaware of previous studies indicating that variants in the
IL-10R gene influence the susceptibility to mycobacterium
infection. In support of this, associations have been reported
between SNPs in the human IL-10Ra and p genes and the
level of IL-10 expression in mucosal tissues (Simhan et al.,
2008). Furthermore, based on alignment with the murine
homologue, all of the SNPs identified within IL.-10Rc, with
exception to 1047C>A, appear to code for a region of the
cytoplasmic domain that defines cellular responsiveness to
IL-10 and mediates cellular proliferation (Ho et al., 1995).
Traditionally, synonymous SNPs are viewed as “silent” and
thus may not warrant functional validation, however, several
studies addressing the role of codon usage bias, as well as
mRNA folding, have reported otherwise (Duan et al., 2003;
Charnary et al., 2005; Salomons et al., 2007).

In conclusion, several SNPs were identified in the bovine
genes encoding I[.-10, IL-10Ra, IL-10Rp, TGF-p1, and
NRAMPI1. A strong association between a group of linked
synonymous SNPs in the 3' coding region of IL-10Rq,
1398G=>A, 1512C>T, 1683T>C and 1716A>G, and MAP
infection status Canadian dairy cattle was established. Hap-
lotype reconstruction of the SNPs in IL.-10Rt also revealed a
strong association with MAP infection status. These results
provide evidence that variants in IL-10Ra contribute to sus-
ceptibility to MAP infection in dairy cattle.

While the present disclosure has been described with ref-
erence to what are presently considered to be the preferred
examples, it is to be understood that the disclosure is not
limited to the disclosed examples. To the contrary, the disclo-
sure is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

All publications, patents and patent applications are herein
incorporated by reference in their entirety to the same extent
as if each individual publication, patent or patent application
was specifically and individually indicated to be incorporated
by reference in its entirety.

TABLE 1

Characteristics of SNPs discovered in bovine IL-10
and IL-10Ra and p and TGF-P1.

dbSNP ssID Region

Mutation Primer set (5'-3')

Gene SNP
IL-10 969T>C
(SEQ ID NO: 7)
1220A>C
(SEQ ID NO: 8)

55104807640

55104807641

5! F: AGCCAGCAGCTCTCAAAGTC
(SEQ ID NO: 20)

R: GTGTTCAGTGTGGTCCTGGAT
(SEQ ID NO: 21)

F: GGTAAAGCAGTCCTGAATCCAA
(SEQ ID NO: 22)

R: TCCTTCATGGGCCCTATTT
(SEQ ID NO: 23)

5
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TABLE 1-continued

Characteristics of SNPs discovered in bovine IL-10
and IL-10Ra and B and TGF-P1.

Gene SNP dbSNP ssID Region Mutation Primer set (5'-3')
IL-10Ra 1047C>A $58104807642 Coding Syn F: TCGTGTTTATTGCTCTGGTTGT
(SEQ ID NO: 9) (SEQ ID NO: 24)

R: CCTGCTTCCTTCCCTCCT
(SEQ ID NO: 25)
1398G>A $58104807643 Coding Syn F: GGGTTCCTGCTGGTGACTC
(SEQ ID NO: 10) (SEQ ID NO: 26)
R: GCCAATGCCACTGTCCTC
(SEQ ID NO: 27)
1512C>T $58104807644 Coding Syn F: GGGTTCCTGCTGGTGACTC
(SEQ ID NO: 11) (SEQ ID NO: 28)
R: GCCAATGCCACTGTCCTC
(SEQ ID NO: 29)
1599C>T $58104807645 Coding Syn F: AGTGCAGACAGCGGGATCT
(SEQ ID NO: 12) (SEQ ID NO: 30)
R: TTCTTCAGGGGTCTGCAAAG
(SEQ ID NO: 31)
1683T>C $58104807646 Coding Syn F: AGTGCAGACAGCGGGATCT
(SEQ ID NO: 13) (SEQ ID NO: 32)
R: TTCTTCAGGGGTCTGCAAAG
(SEQ ID NO: 33)
1716A>G $58104807647 Coding Syn F: AGTGCAGACAGCGGGATCT
(SEQ ID NO: 14) (SEQ ID NO: 34)
R: TTCTTCAGGGGTCTGCAAAG
(SEQ ID NO: 35)

IL-10RP 542C>T $58104807648 Coding Non F: GGGAATTCAGGGAATAAAGCA
(SEQ ID NO: 15) (SEQ ID NO: 36)
R: CTGTTTGGGGAATGCAGATT
(SEQ ID NO: 37)
608A>G $58104807649 Coding Non F: GGGAATTCAGGGAATAAAGCA
(SEQ ID NO: 16) (SEQ ID NO: 38)
R: CTGTTTGGGGAATGCAGATT
(SEQ ID NO: 39)

TGF-p1 701C>T $8104807650 Coding Syn F: CCCTTGCCAAACACTGACA
(SEQ ID NO: 17) (SEQ ID NO: 40)
R: CCTAGCCCAGGCCACTTT
(SEQ ID NO: 41)

TABLE 2

Genotype and allele frequencies of SNPs in candidate genes across three dairy breeds.

Holstein (N = 484) Jersey (N = 80) Guernsey (N =47)

SNP Genotype Genotype # (%)  Allele%  Genotype# (%)  Allele%  Genotype# (%)  Allele %
IL-10 TT 336 (69) 834 80 (100) 100° 47 (100) 100%
969T > C CT 136 (28) 0 (0) 0 (0)

cC 12(2) 17 0 (0) 0 0 (0) 0
IL-10Ra AA 314 (65) 814 17 (21) 54° 15 (32) 57°
1047C>A  CA 156 (32) 53 (66) 24 (51)

cC 14 (3) 19 10 (13) 46 8 (17) 43
IL-10Ra AA 93 (19) 47 21 (26) 58 12 (26) 52
1398G>A  AG 266 (55) 50 (63) 25 (33)

GG 125 (26) 53 9 (11) 43 10 (21) 48
IL-10Ra cC 249 (51) 73¢ 80 (100) 100° 47 (100) 100%
1599C>T TC 205 (42) 0 (0) 0 (0)

TT 30 (6) 27 0 (0) 0 0 (0) 0
IL-10Rp cC 70 (14) 39 20 (25) 48 11 (23) 55
542C>T TC 233 (48) 37 (46) 30 (64)

TT 181 (37) 61 23 (29) 52 6 (13) 45
TGFp1 cC 205 (42) 654 2(3) 15% 25 (33) 73¢
701C>T CT 217 (45) 20 (25) 19 (40)

TT 62 (13) 35 58 (73) 85 3 (6) 27

Data is presented as Genotype number (%), genotypic count (frequency); allele % and allelic frequency.

a’bdiffering superscripts indicate a statistically significant (experimental-wise p <0.01) difference in allele frequencies between breeds for a particular
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TABLE 4

SNP effect on somatic cell score in Canadian Holstein bulls.

Haplotypes for SNPs 1047C > A, 1398G > A and 1599C >T

in IL-10Ra, their frequency in Canadian Holstein bulls and

SNP a+SE Pval contrasts against the most frequent haplotype (AGC) for
5 somatic cell score.

1L-10 969T > C 0.011 £0.031 0.712
IL-10Ra 0.255 +0.142 0.075 1L-10Ra haplotype
1047C> A
IL-10Ra 0.254 +0.140 0.072 1047C > 139iG > 159§C > Frequeney 2 SE -
1398G > A 10
IL-10Ra 0.347 £ 0.141 0.015* A G C 40.8% . .
1599C>T A A T 16.8% 0.101 £ 0.03 0.003*
IL-10Rp 0.029 +0.024 0.223 A A C 16.0% -0.237 £0.14 0.096
542C>T c A c 11.0%  -0.022%0.04  0.601
TGF-p1 Z0.009 +0.023 0.707 A G T 7.4% 0.341 £0.15 0.029
201C>T 15 C G C 5.0% 0324 £0.16 0.042

C A T 3.0% 0.349 £ 0.15 0.025

Data is presented as: o + SE, allele substitution effect + standard error;

Pval and comparison-wise p-value for the SNP effect.

*experimental-wise p < 0.10

Data is presented as: § + SE, haplotype effect + standard error;
Pval, comparison-wise p-value.
*experimental-wise p < 0.10

TABLE 5
Characteristics of SNPs discovered in IL10, IL10Ra/f, TGF-P1l, and NRAMP1l genes.
Gene SNP dbSNP ssID Region Mutation Primer set (5'-3')
IL10 1220A>C 55104807641 5! F: GGTAAAGCAGTCCTGAATCCAA
(SEQ ID NO: 8) (SEQ ID NO: 22)
R: TCCTTCATGGGCCCTATTT
(SEQ ID NO: 23)
969T>C 55104807640 5! F: AGCCAGCAGCTCTCAAAGTC
(SEQ ID NO: 7) (SEQ ID NO: 20)
R: GTGTTCAGTGTGGTCCTGGAT
(SEQ ID NO: 21)
IL10RG 1047C>A 55104807642 Coding Syn F: TCGTGTTTATTGCTCTGGTTGT
(SEQ ID NO: 9) (SEQ ID NO: 24)
R: CCTGCTTCCTTCCCTCCT
(SEQ ID NO: 25)
1398G>A% 55104807643 Coding Syn F: GGGTTCCTGCTGGTGACTC
(SEQ ID NO: 10) (SEQ ID NO: 26)
R: GCCAATGCCACTGTCCTC
(SEQ ID NO: 27)
1512C>T¢ 55104807644 Coding Syn F: GGGTTCCTGCTGGTGACTC
(SEQ ID NO: 11) (SEQ ID NO: 28)
R: GCCAATGCCACTGTCCTC
(SEQ ID NO: 29)
1599C>T 55104807645 Coding Syn F: AGTGCAGACAGCGGGATCT
(SEQ ID NO: 12) (SEQ ID NO: 30)
R: TTCTTCAGGGGTCTGCAAAG
(SEQ ID NO: 31)
1683T>C“ 55104807646 Coding Syn F: AGTGCAGACAGCGGGATCT
(SEQ ID NO: 13) (SEQ ID NO: 32)
R: TTCTTCAGGGGTCTGCAAAG
(SEQ ID NO: 33)
1716A>G" 55104807647 Coding Syn F: AGTGCAGACAGCGGGATCT
(SEQ ID NO: 14) (SEQ ID NO: 34)
R: TTCTTCAGGGGTCTGCAAAG
(SEQ ID NO: 35)
IL1ORpP 542C>T? 55104807648 Coding Non F: GGGAATTCAGGGAATAAAGCA
(SEQ ID NO: 15) (SEQ ID NO: 36)
R: CTGTTTGGGGAATGCAGATT
(SEQ ID NO: 37)
608A>GY 55104807649 Coding Non F: GGGAATTCAGGGAATAAAGCA
(SEQ ID NO: 16) (SEQ ID NO: 38)
R: CTGTTTGGGGAATGCAGATT
(SEQ ID NO: 39)
TGFP1 701C>T 55104807650 Coding Syn CCCTTGCCAAACACTGACA
(SEQ ID NO: 17) SEQ ID NO: 40)

F
(
R: CCTAGCCCAGGCCACTTT
(SEQ ID NO: 41)
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TABLE 5-continued

Characteristics of SNPs discovered in IL10, IL1ORa/p, TGF-fl, and NRAMP1l genes.

Gene SNP dbSNP ssID Region Mutation Primer set (5'-3')
NRAMP1 723C>T 55104807654 Coding Non F: TCCTCTGGAGAAGGGAAAGG
(SEQ ID NO: 18) (SEQ ID NO: 42)

R: ATTCAGAGGCAGGAGTCGAG
(SEQ ID NO: 43)

1139C>G 55104807655 Coding Non F: ACATGTGTTGGCCAAGTGAA
(SEQ ID NO: 19) (SEQ ID NO: 44)

R: ACATCCGAGTCCTGAGTGGT
(SEQ ID NO: 45

NOTE.

SNP, single nucleotide polymorphism; Syn/Non, synonymous, non-synonymous; F/R, forward/reverse primers;
IL10, interleukin 10; IL10Ra, interleukin 10 receptor subunit alpha; IL10Rf, interleukin 10 receptor subunit
beta; NRAMP1l, natural resistance-associated macrophage protein 1; 2,?, aNPs with common superscripts are
linked (r° = 98%).

TABLE 6

Genotypic frequencies and associations of SNPs in IL10, IL10Ra/p, TGF-
B1, and NRAMP1 genes with MAP infection status.

Negative Positive
Gene SNP Genotype # (%) # (%) Effect = SE OR (CI)
IL10 969T > C N 208 178 a:-0.30+0.28 0.74 (0.43-1.27)
TT 163 (78.4) 136 (76.4) d:0.57 £0.36 1.77 (0.87-3.61)
CT 34 (16.3) 37 (20.8)
cC 11 (5.3) 5(2.8)
IL10Ra 1047C>A N 238 193 a:0.57 £ 0.31 1.77 (0.97-3.25)
cC 10 (4.2) 7(3.6) d:-0.46 +0.35 0.63 (0.32-1.25)
CA 72 (30.3) 54 (28)
AA 156 (65.5) 132 (68.4)
1398G>A N 235 183 a:0.65 £ 0.21%*  1.92 (1.28-2.89)
AA 56 (23.8) 18 (9.8)  d:0.76 £0.23**  2.13 (1.35-3.38)
AG 111 (47.2) 109 (59.6)
GG 68 (28.9) 56 (30.6)
1599C>T N 240 198 rm m
TT 18 (7.5) 5(2.5)
TC 93 (38.8) 75 (37.9)
cC 129 (53.8) 118 (59.6)
IL10RpB 542C>T N 216 182 a:0.21 £0.16 1.23 (0.90-1.68)
cC 36 (16.7) 22(12.1) d:0.14x0.21 1.15 (0.76-1.75)
TC 103 (47.7) 89 (48.9)
TT 77 (35.6) 71 (39)
TGFp1 701C >T N 237 201 a:0.09 £ 0.15 1.10 (0.82-1.47)
cC 98 (41.4) 74 (36.8) d:0.10 £0.20 1.10 (0.74-1.65)
CT 106 (44.7) 97 (48.3)
TT 33 (13.9) 30 (14.9)
NRAMP1 1139C>G N 219 176 a:-0.20 = 0.36 0.82 (0.41-1.66)
cC 142 (64.8) 106 (60.2) d:0.43 £0.40 1.55 (0.71-3.37)
CcG 71 (32.4) 67 (38.1)
GG 6 (2.7) 3(1.7)

NOTE.

SNP, single nucleotide polymorphism; # (%), genotypic count (frequency); Effect + SE, additive (a) or dominance effect (d) +
standard error; OR (95% CI), odds ratio (95% confidence interval); rm, removed to due strong multi-collinearity; IL.10, interleukin
10; IL10Re, interleukin 10 receptor subunit alpha; ILIORp, interleukin 10 receptor subunit beta; NRAMP1, natural resistance-
associated macrophage protein 1;

**Experimental-wise significance at 5% after logistic regression and Bonferroni’s procedure for multiple testing correction.
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TABLE 7

38

Haplotype frequencies in the 3' coding region of IL10Ra
gene and their association with MAP infection status.

IL10Ra haplotype Frequency
1047 1398 1599 Negative  Positive
C>A G>A C>T (n=235) (@m=180) p=SE OR (95% CI) Contrast + SE
A G C 52.6% 60.6%  0.35£0.15* 1.42 (1.06-1.90)
A A T 27.2% 20.8% -0.37 £0.17 * 0.69 (0.49-0.97) -0.45 +0.18 **
C A C 19.1% 17.8% -0.09 £0.18 0.92(0.65-1.30) -0.23 +0.19
A A C 1.1% 0.8% -0.25+0.74 0.78 (0.18-3.31) -0.47 +0.74
NOTE.

ILIORG, interleukin 10 receptor subunit alpha; OR,  + SE, haplotype effect + standard error; OR (95% CI), odds ratio (95% confidence

interval); contrast + SE, haplotype contrast + standard error against the baseline, AGC.

* Comparison-wise significance at 5% after logistic regression of haplotype counts against infection status.
** Experimental-wise significance at 5% after logistic regression and Bonferroni’s procedure for multiple testing correction.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 45

<210> SEQ ID NO 1

<211> LENGTH: 8880

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bos taurus interleukin 10

<400> SEQUENCE: 1

ttgtctgcca ctcaattgtg cagttggtct gaagagaatg gaaagcaaat tgtattgatt 60

tgatcgaatg aatcctggcce cattagaatg gaaaatattg gettttattt tccaagettt 120

tctgaaaact gagaaagccc aagtctagcc aaagagaaag cagggttttt aacaaactga 180

agaaaagaga gcaagagtga gagaagaatt aaaagtggaa atggaaagta gagtcaaaaa 240

taagtctgca gtagagtccce tcccaccacce cagecgccctg actgccccca geccectegeag 300

cctgatcceg gggccccage ccocttggega aggggattca cagtaacagg tagggcacgg 360

tgaagcagcc cccagactcce taggggttct gacttgaaac cacaggtgca catgtgagge 420

tctgcecgett ccaggacaca catgatgctc agaggcgatg tcatgctgaa gaaccgcaca 480

gactactggg aaactctgcg tgaaggagac agcagtgaag caatgggcat ctcccttett 540

gctgcaggte aggggcctcce gtgtaggtcc tctactcctt ccteggaggce caggetttga 600

tcaccctect ccegttcatce ctcacacaga catttttgtt aaatgtctca attaaggttce 660

agctccttaa gccagcaget ctcaaagtcce ggtccaagga cagtttgtat gaggactttt 720
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-continued
gtectgctaac tgtatagtte tatgaggetg gattttetee atatgettec acctcaaaaa 780
cctatcacac tgggttggcet gtaggagcag atgtcagagt gtaagttttt ctgttaaacce 840
aggtatgcaa agagctttgc gacagtgtca gaacagtaca ctcectctcac tgaatgtgtt 900
ctgacttaga aaacagttat ttttcattaa aaatatgcta tttattttaa catgtagtgg 960
gtttttattg tttttcttta gaacgccata catggacttt taaaaaaatt tcttagtttt 1020
tttttctacc atgatcaata tcaatagaca taatctaaca aagtaaaagc tctttgaggt 1080
cttcaatact ttttaagaag gtaaagcagt cctgaatcca aatagtttga gaagagttga 1140
ctaagggaat ccaggaccac actgaacacg gtgacccact cccactcect gctctggaga 1200
atggaccacc tcgggctgga gtgtaaatga cacactcaca gtagaagtga tgcaggtcca 1260
ggacggaggg agcggccagce ttgtccegtg ttagtgcgge cgtgcaccta agcacacatg 1320
cagtggggtt gaggatttag agttggggtc catcttacag atgaaggtcg gagcaggcaa 1380
gctgaaggca ggcatcagct ctcecttaaata gggcccatga aggagactat gcttcaaggg 1440
tgccagggca ggagggtgag ccaaactatt cttttatgtc actgcagtca catcttaaag 1500
acaatataca gaagaaactc ctttctgttt gcaaatactc gagggcctga aatatttcce 1560
taaaagaaaa atatctaagc aactctcacc cccatctcecca gectcectaage ataagggcta 1620
tgcgcectge acgtgcataa tagagttatc actgttttat ggaggaaatg cttattttca 1680
cagacttctc gettectgete atcactgctg ctcacatcett agacaactcce ccccggcecat 1740
tggtgctgac catgaaaact cagtgatata acactcatgt cagtcaagga attaagtact 1800
gatttgagaa gaagaatgca aaaggaatcg agttctgatt tcgecctttgt tattaactac 1860
ctctagtgece tgcttccecegg gtggcactgg tagtaaagaa cccggctgece agtgcagaag 1920
acataagagc tccaagttcc atctgtgtgt tgggaagatc ccctggagga gggcatggca 1980
acccactcca gtattcttge ctggagaatc ccgtggacag gggagcectgg tgggctacag 2040
tccatggggt cgcaaagagt tggacacgac tgaagcgact tagcatgcac gcatgcagtg 2100
cctgggaaag tcactttett ttcectaggcect cagtttgecce acctgtaaaa tgaagaacgt 2160
ggattttgtt getgttgttg tttggtcact aagccctgte cggctcetttt gtgaccceccat 2220
ggaccatagc ctgttaggct actttcaccc tctactttat gtgagatagt cgtcaaatgt 2280
agccacttac agccacaaag agttcaggag gcacacgctc cgtcatgctce catcatcgac 2340
aatatttagt gagagccttg gatgtgcctg gaattgtttt gagtacgagg caaacagcaa 2400
taatcaaaaa tagacatgca ccctgcccct gcggagggct gtccaatgga agagatagag 2460
atcaagcagg tgaccacgta gccatgcgag taattacaag ctggcatcag tactacagag 2520
aaaaggagca aggtgtcctg agacacaccce aggtggctca accttttcag gggaataagg 2580
aaaaactcat gtgacaaagt aagctctaag ctgagaactg aaggataaag agaagggaat 2640
ccectetett taatctcettt ccatgcagaa aagggagact acatgcgcaa aggccctgta 2700
gtagaataga gagcacagat catttgaaaa aaaataaaag aggaaagccg gtaaggctgg 2760
gatgcacaga gaagtggaca gtgttggaag gtgaggcaga aggaacactc agggtcagag 2820
gatgcagggg gctgtaaaca gcattaagaa cacaggtcct tattttaccc aggaagggga 2880
agtggcacgt cattgaaggg tttaagcaag gggagagtca tgatcagagt ggtgttttga 2940
aaataatccc ttgggctaca aagaagaaaa cagtttggaa aacagatttt agaatatcaa 3000
ccaggcactt gtttggagcc caggagagat aagatgttag cttgaaccag acagtcgcetg 3060
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ctgctgctga tgcaaataga gagaagttag acgattagaa agatgtttgt gggggctttce 3120
ctggtggtcce aggggttaag aatccaatgc agggggtgtg ggtttgatce ctggttggga 3180
aactgagatc tcacacacca cagggcaact aagcctgcat actgcaagga agaaccaggg 3240
cagcttaagce ttaagaagga aaaaaaaagg atgtttgtga agaaaattct gcaagacctt 3300
gtaatagatt ggacataggt tattaagaga gagagaggaa ccaacaagtt atttctaggce 3360
gtccagcatg tatgttatgt tagatggtgg tccccttcecet gagtgagggce accatgtcac 3420
tggatgaagc tgagatgaag ctatgtattt agtctctgat aaaaatgggc cccatcatcce 3480
tgggtcccag cgtaaaacga aaatgttcta cagttgttaa gaatttcaag acagtgacaa 3540
cagagcaaag cacgggcccce tgagtgacca cacaagtcac gtgacttget cagacacaag 3600
caaagtttgg ggtgtcagcc attcagggga atttgactaa actgaatcct accagaggga 3660
cagcctggga gctgaaggga tcecgtcetgtg ccecccggete aggaacccac tcegttactcee 3720
aggtggtcat gcagactgag cagagacagc tgtattctct gggtggcagg gtctccaaca 3780
ccttgtgtece tggcccctge agccaaattt ctcacgtgag aaattacaga acagggtgtce 3840
cgtccectaa ggaaaatcca agttgcttga tttggcgceca tcgttgcaca aaggggaatt 3900
ccacgttggce tgtccaaaga tcagccctte cgetgtggtt tgcagegtet gecggcectag 3960
gtcectecggaa gggcacccac tccagtttge ataaccctca ctagattcag ccaaggggcece 4020
agccccaact ggggctcectt ttaaagctct gacccacaag gtctttatte tgaagcacct 4080
caaccacaag gtcaaagtca caggcagaac cctgtccect tgagccctee cacccccace 4140
ccegeggceta cacgtagagg gtgtgatgce atagtctgeg ctcectggacca ggectgttge 4200
cgcacagccee ctgaggaacce aacggttcag ggagccgagyg ggggttattce aagggaatac 4260
tagaaatttc acactgggga aactgtggta cgttctagat gtcctgaaga agaagaaatg 4320
aaactccgtt atcagccttg aagtaatagce tgcaatgagc aagcaggagc caagccctga 4380
ggggttcttt gtggaggtcg tcagcccect ggttccaggt gggcaccctce gcacttgect 4440
gctttcatca ctgacctgce tgctactgtce gtggtgaccce tgttgacagg cacactggcet 4500
gaaccctgag tccagcaagce caagattcca cagggcaggce ccacgtacct ccccatcettt 4560
tttccaccece tgggacagaa ttgttgcaag gcacagggca attctaccaa gaaggttgtce 4620
cttttgctga gcatgagggt ggccacgagg tgattccttg taagcceccttg tacagtctag 4680
actgcactct ctaaaatcta tccacacttt gtctgcctag agtcctctgt agctaaagtce 4740
gtgaaatgca tcagtggaac attccagaaa aatcattagg gcctttggtc tctacatatg 4800
tcectecatee ctggeatcett aaaataacac gtaggaaage aagacggcag aaaaggccgg 4860
ttectgttgac atttgggtgce tgcgctagct ctggacaacc tgcctctgaa cttettgtca 4920
ctggagacca aaaaataata tccctttcect tttaaagecce tggtgagtca ggctgtettt 4980
cctttgtage tgaatactga cattagggaa tattttggag cagggggaga agaaagaggc 5040
atttccecte ccacacatte ctectgattte ccagttagtc tgcacgggaa aagattcgcet 5100
taaattctat ctcatgagcg cacatcagac atctgccegtg agtctagact ggagaggtga 5160
ccgggctecag gtcatttget ctcaaggagce ccacaggcta acaagcggca cctgtgetgt 5220
cttgagagcce acaggccgaa tgtgtccaga ctgatgcacc gtccatccge agggatctgce 5280
tcactcctee cectgecteggg ctettetetg ggectggaaag geccageccag atcgaacata 5340
cagacggctg acatttattt atgtctcatc tatgtaaccc tgtgagtttg ggactttttg 5400
cagtggattg taatgacttt tcagatgaat gataccttca cggtcttgag acacaggtgt 5460
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catctttgtt tactgtttgg tcaacatata agcaggggat cttaactttt cccaaaatgt 5520
gcatacctet tcectecgtataa catcttgaca catcggttet atgagattta tggataggga 5580
agatcttgtt gtctccattt gttaattaag tgattgcatc aaggagattg cctaaatggt 5640
ctctgaccat tcagattgtg aaaattttga gaggagagag gacaacggtt tcaaatcagt 5700
ggaggaagat caacaattca acaaatgact tgaagtgatt ggctgctgct gctaagtcege 5760
ttcagtcatg tccgactcetyg tgcgacccca tagatggcag cccaccaggce tcetgcgacce 5820
ctgggattct ccaggcaaga acactggagt gggttgccat ttccttctecce aatgcatgaa 5880
agtgaaaagt gaaagtgaag tcactcagtc gtgtctgacc ctcagcgacc ccatggactg 5940
cagcccacca ggctecteca tcecatgggat tttcecaggca agagtactag agtggggtgce 6000
cattgcctte tccggaagta attggcaaca cgttccaaaa caaagaagcc agaagctaag 6060
cctcagecta cctgatgtgt tatagaagaa agatagaaat ggctctttee tectecttte 6120
acctgccatt gecgtgcatgt gtgcgtgtce atgtctgtgt gagtgtgtcet ttaatatttg 6180
aaattataag aagaaagtgg aagacactca gcataccttc ctgagttgct gtccctgttt 6240
ctctgagtge ttgcctgtgt ctagacctgce ccaggtcecag gcectcectceccag ceccgttecg 6300
ggctcacagg atactctcct atgcccattc caacacagga aaaaggaagc tatgtgecta 6360
gcacattcca gaggccagac cctgtactca gcaccaggta tataggataa tgaaacagcyg 6420
ccaggtctca gagagctcac actgtctage agaggcagtg gggtacatgg atgatagcag 6480
cggttgttgt cgattgagta gcgtagaggg gcacagggca cggtggcaaa ctgggtaaga 6540
ggcggtctge accacctggg tccagaagta gggcctcectgg cctgagggat ctgccaggcet 6600
gagtctgcac ccagaacacc catctcagag aaaggttage cctgtggact aaagcaaaca 6660
caacccagaa aacccaggag ccaagaggtg aggggcaggg cagaagggat gcaaaaccca 6720
gtcecectgace ccttegetgt gtttectagt ggccaaagtce agaactctta gctaagecca 6780
gtgtaaatat ggcaggagca gcaattcctg agtcagttct acacctgtat aatattttaa 6840
ttttattaaa gcattagtca atgtataatg tgttaattta tgcttcagtt atacatatat 6900
acatatatat atattcttat tcattctctt ttccattatg ttttatcatt ggatatggaa 6960
tatagtttca tgcctatttc taaaacttct ttcectcecctte atgagtcttg gatttcectgece 7020
ttcacattce ccaaggggtyg ggaagtgagg ctacagccca ctgctcecctge cccacgaggt 7080
acagcgtggg cctggaccct cttectectt cctgecceecg ceccactcaca acagcecccegg 7140
tatatccacc ctccttgtet ggtgcagtga gcttcectttaa tggggaaggce tcagaaccca 7200
gggccaccaa tgctgatgca ggaaggcatg gaaataacag aaacactgga gacaccctac 7260
gtctggatce acgagttacce tccccgatcce cctgcccatg tgaagcccaa aggcccteca 7320
gcaggcagga ggcaggtact gctgcaccct caggatggac agaaaacagg cagaggaggyg 7380
tcaagtgact tgcccgggtt taaagcatga cggagcccag gcectcecctgge cectggatceg 7440
gagttctteca caggagaggce ggggagaagce ccctgcagaa ggagtcaagg cacagtctece 7500
accctttect tcectagtggta aggcaacatt cctcactaca tcectggcecttac tecaccectg 7560
cacacacacg cgcgcacaca cacacacaca cgaatgtgca catccaaaga aagacaaata 7620
acgtttettt ggaaggagaa gggtagggaa gaggggataa agaggcctca tatccagect 7680
ccatagaatc tcaacttatt ttccttgtta cttetgette tttctcecccca agtgtgagte 7740
tccagccaaa gcagttcaca acccagaaga aacctaatgce ctctttaatc caaaatttcce 7800
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attctgcacc ctggggccag tgtagagtag ggaatagttg gecctgaatgt caggcagacc 7860
tcagtgcaga ttctggctecce cteccctegge gcccatgcac agggtacctg acacctetgt 7920
gtcteggetyg gttcactgtg cagtggeggg gaggtcccgg tgactggcag gcacagcette 7980
cagtgagcat ggactatgcc tcecctaacacce ccctgaggat ggggcagcgg agggggttag 8040
aggcatagat ctgagagtct aaatgaaccce agggctaggyg aaggaatctyg gagcacacce 8100
catgccectg actgtcectet gggaagetgg ccactttgag gagtaatcct ggaacataaa 8160
aaaaccagaa ggcagctttg aggacattta gctcacatct ttgttttctt ctggggaaac 8220
tgaggcctga agagttgagg taacttccca acccagcaag aagaagccct gaatatcaac 8280
gcaggttgag gagttgatat tatttcttaa tcacattgta ttctggaatg gccaatttge 8340
cctegtcecact gtgatctaga gacacgtgaa tggaacccac aactgtgggt ccctgcgtac 8400
agagcagctg ttcaccccag gaaatcaact ttttttttta attaagagaa gttgaacatt 8460
atttttaaag agagagagag gtagtttctc ctaaaaatag ccatatgcag aagttcattt 8520
ttcacccatce tecttttgett acgatgcaat atttaaaaac ttttgagtaa gaggttcacc 8580
aaatgcaaag ctggagaggt ctagggaagg gaggggcaaa gaaacctttyg ccaggaaatc 8640
tgtgagtgac actgtggctt tttgtgaatg ggaggcctca cacaatataa aagggggcac 8700
agtaggtgaa ggtctacaca acaggggctt gctcecttgcaa aaccaaacca caagtccgac 8760
tcaacgaaga agacagagct ccgccatgce cagcagctca geccctgcectet gttgectggt 8820
cttecectgget ggggtggcag ccagccgaga tgcgagcacce ctgtctgaca gcagetgtat 8880
<210> SEQ ID NO 2
<211> LENGTH: 2278
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10 receptor, alpha

(IL10R_)
<400> SEQUENCE: 2
atgggagcgg aagatgcacc atctggagac agtccttggt gecacctgtt tccaaagaag 60
gatttggege agetgetctt cctcatgatt cgcccacacce tgtctcetecg aattcccagt 120
cceectecca gcagaagtca agtcctgett cagcacaaca acccectctca cacteggegg 180
aatgctgggg cagtccgege aaccggegge gggetcgace tectgacgcea acggegtgeg 240
ggeggggege ctegaggcece cgcecttetg gegtcagect cgeggggegt gageggacte 300
gtcaggctga ggtttcagte gcagecgagt agagccgetyg ceggaggega gettetegge 360
tceggetttyg gecceggcac gggagaatge ggtgcegecca ggatgetgte gcaccagata 420
gtgaagctygyg tggegetcect cagectgete cteggetcete gegegcacgg taaggatctg 480
gaactgccca gacctecate tgegtggttt gaagcagagt ttttccacca cgtectctac 540
tggacaccca ttccaaatca gtctgaaagt acctattatg aagtggaact cctgaggtat 600
ggagtagagce ccacctcctg gaagtccatce cagaggtgta gecagatget gatgatgtec 660
tgtgatgtca ctatggagac cctggacctg tatcgcagea atggttaccyg ggccagagte 720
cgggcagtgg acggaagcca gcattccaac tggacctcete ctaacaccceyg cttctcecatg 780
gatgaagtga ctctgacggt tgccagegtg aagctcgagg tgcacaacag taacatcgtt 840
ggggcecatee agctecccag gcoccgaggtg geccctgaag gegacacata tgaaaacatce 900
ttccacaatt tccgggagta ccagattgag gttcgcaagyg caccaggaca ctatgagtce 960
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catggcaagg tcaaaaacga aagcttcaaa ctcccaatee cgagaggggt gggagagtte 1020
tgcgtcaggg tgaaaccgtce tgtgggctce cgagtaaaca aggaggtctg gtccaaggag 1080
gagtgcatcc tgctcaccte gcagtatttc acagtgacca acatcagcat ctttctcacce 1140
ttegtectge tgctctatgg ageccctggcee ttetgtetga cecttecaget gtatgtgegg 1200
cgecggggga agctgectge tgtectggte ttcaagaage ccagtceccctt caacctcatce 1260
agccagtttt cccacccaga gacccaagat accgtccaca ccctggatga ggaggcctte 1320
cccaaggtga ctcecggaget gaggaactca gacatgcacyg gcagcaccga cagtggette 1380
ggcagtgcca agccgtceget gcagaccgag gagccccagt tectectecce tgectccgac 1440
ccecaggeceg gggggactet ggaaaagggg atgecccagyg agttggagaa cagetgtggt 1500
agtgcaggta gcagcaacag tgcagacagc gggatctgct tgccagatcce ccgectgtgt 1560
cceggeacgg agceccagetg ggagccacag gtggggageyg acagecggga ccgggaggac 1620
agtggcattg gcctggteca gaactctagg ggacagectg aggatgctca gggtggctca 1680
gcttcaggece atgtgagtce cctgggacct gaggaacctyg tggaagaaga ctcagtggca 1740
ggggecttece agggctacct gaagcagacce cagtgeccag aggagaaggce agceccaggea 1800
ggcggcctgyg aagaagagtce ttectcaaca gaggaccttg acccccaatt caggacgtge 1860
ctggatactg aggcgggctg gcectctacca gcectggeca agggctatgt gcaacaggac 1920
cceccagaaa tgattcttge tectttgcag accecctgaag aacagtggga ccgaccaact 1980
gaggactggt catttctggg cttgaccagc tgtggcgacc tcggcacatc tgactggagce 2040
tttgcccatg accttgcecee tetggattgt gtgeccggece cgggcggtet cctgggcagt 2100
tttgactcag acctggtcac cctgccactg atcaccagcc tgcagtcaaa tgagtgaggce 2160
aggctaaggg cttgcttttg atttcagctg cacgctgect ggacccagag gatccagggg 2220
ccagaagtga agcacaatgc cagtctgagc actttgctge aggcccagta ggtgtceca 2278
<210> SEQ ID NO 3
<211> LENGTH: 1800
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10 receptor, beta

(IL10R_)
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1042)..(1042)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 3
ctececcget tgagegecct cctgggtece ggegegacta tggegegcag cctectgage 60
tggctgggeg getgectect gatgtcagea ttaggaatgg ttecacctece tgaaaatgte 120
agaatgaatt cagttaattt caagaatatt ctacgatggg agtcacctgce ttttcccaag 180
gggaatctga cgttcacage tcagtaccaa agttacagga aattccaaga tacatgcacg 240
agtattttgt tgacggaatg cgatttctca agtctttcca agtatggtga ccacaccttg 300
agagtcaggg ctgaatttgc tgatgagagt tcagagtgga taaacatcac cttctgtcct 360
gtggatgaca ccactatcgg acctcccaga atgcaagtag aagcacttgce taattcttta 420
catgtgcegtt tctttgeccce aagaatcgag aatgaacctyg aaccgtggac catgaggaac 480
atttataact catggactta ccatgtgcga tattggaaaa atggctctga tgaaaagttt 540
tcaatttctyg gtcagtatga cttcgagttce ctecgaaate ttgagtcaca gacaacttat 600
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tgtgttcaag ttcgagggtt tctttectgat cggaacaaag ctggagaatyg gagtgagcct 660
gtectgcgage aaacaaccat tgacgaaacc accccegtect ggatggtgge cagegtcectg 720
gecagecteeg tgtgcgecge tctectgeta ctgctegget gettettect getgeggtgt 780
gtttacagga aggcaaggca cgccttccce ccgaggaatt ctettecgca gcacctgaaa 840
gagtttatga gccaccctca tcacagcact cttctettat tcetecttecce actgtctgat 900
gagaatgaag tctttgacaa actgagcgtc atcacagaag tgtctgaaag ctgcaagctg 960
aaccctgggg ccggcectgegg tetcacgace tgacgtggge aggggtcectt ccagetgatg 1020
tccaaggagg gagcacactc anccgggcgce agtgaccccce tecttgtect gtetccccece 1080
aagggcagtc agagcagcca gccagggegg gecgagacceg cctgagtaaa ccccagatgg 1140
agagctcacg cagacgccgg ggcagegtece acactgccaa ggagctggac tccaaatget 1200
cgtgtggcaa aaccttggga acttgccact ttttagaggc cttaatgatt tgaaaaaaaa 1260
gttggccact gtgatttcce tgatggtcca tcccagtggt taaaagactc catgcttceca 1320
atgcaggggg cacaggttcc atccttggtt gaaaaactaa gatcccacat atcacatgat 1380
gtggccaaaa aaaaaaaaaa caaaggttga ggttggccac cagagatatg attctcaggt 1440
atgattctcce tgtgtattca ctaatataaa aaggctttag ggaattcccce agcaggtcca 1500
gtggttagga ctccatgctt tcacagccga gggccgaggt tcagtccctg gtcacggaac 1560
tcagacctca caagccatgt ggcaaaaaaa caaaaccacc aaaaaaaaaa gttttaaatg 1620
gttagaaaca aaaatatata aaatgaggaa gaaagaccaa ggcaccatgg aatctgagag 1680
tgccgacatt ctgacgggag aaatggcgtc gactcagaag tcgctatcac caagcactgt 1740
acagagtgca gactctggat tctcagggac acttggactg ggtttatttt tcectatgcaga 1800
<210> SEQ ID NO 4
<211> LENGTH: 1475
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus transforming growth factor, beta 1

(TGFB1)
<400> SEQUENCE: 4
ggacgagcca tcaggaaccg caaacccgac tcccegegaag acttgacccce agatttcegga 60
cgcacccect tgcacggece cccaactceee cagectcetet cetgageccee cgcegeatccg 120
aggaccctte tccgggatce gggatctete tcagacttge ctcagettte ctattcaaga 180
tcacccatcet ctagtaccag agctcaccca tcteggtttt tttteegtgg gataccgaga 240
acccacccat cagagectcce cctccagete tgetcegtte teectgaagyg cctcaactcet 300
ccecgeaaac agaccctect accttttect cgggagacce ccacccacce cageccectgt 360
aggggcgggg ccteectett cccaccecag cecagcetege getcetegget gtgecggggyg 420
gegecgecte ceccatgeeg cectegggge tgceggetget gecgetgetg ctgecgetge 480
tgtggetget aatgctgacg cctggecgge cggtegcacyg gcetgtccace tgcaagacca 540
tcgacatgga gctggtgaag cggaatgcecg aaacggagga gccagaggceyg gactactacg 600
ccaaggaggt cacccgegtg ctaatggtgg aatacggcaa caaaatctat gacaaaatga 660
agtctagcte gcacagcata tatatgttcet tcaacacgte cgagctcegyg gaageggtge 720
ccgaacctgt gttgetcectet cgggcagage tgegectget gaggctcaag ttaaaagtgg 780
agcagcacgt ggagctgtac cagaaatata gcaacaatte ctggcgctac ctcagcaacce 840
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ggctgctege ccccagcegac tcaccggagt ggetgtcectt tgacgtcact ggagttgtge 900
ggcagtggct gacccgcaga gaggaaatag agggctttcg cctcagtgec cactgttect 960

gtgacagtaa agataacacg cttcaagtgg acattaacgg gttcagttcc ggccgcceggyg 1020

gtgacctege caccattcac ggcatgaacc ggcccttecet getectcatg gccaccecte 1080

tggagagggce ccagcacctg cacagctcecece gecaccgecg agecctggac accaactact 1140

gcttcagete cacagaaaag aactgctgtg ttcgtcaget ctacattgac ttccggaagg 1200

acctgggctg gaagtggatt catgaaccca aggggtacca cgccaatttce tgcctggggce 1260

cctgcectta catctggage ctggatacac agtacagcaa ggtcctggece ctgtacaacc 1320

agcacaacce gggegetteg geggegecgt getgegtgee tcaggcegetyg gageccectge 1380

ccatcgtgta ctacgtgggc cgcaagccca atgtggagca gttgtccaac atgatcgtgce 1440

gctectgcaa gtgcagectga ggccccgtec cacce 1475

<210> SEQ ID NO 5

<211> LENGTH: 4280

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bos taurus similar to transforming growth
factor beta type II receptor, TGF beta R-II, transcript variant 1
(TGFBR2)

<400> SEQUENCE: 5

geacgceggyg ccecgacgaca ctceegegege geaccegecg gecgggecegg cctecagete 60

cgctecccte ggccaccggg gecccecgeg cetegecege cgecacccte cccogeggece 120

gecgegecac atctggetge accgetgetyg ggegeccegge gegggteegyg agggegegga 180

ggegeggegt acgegetegg gecggtetat gaggagegge gggggetgeco atgggecggyg 240

ggctgetegyg gggectgtgg cegetgecacyg tegtectgtg gacgegeatce gecagcacga 300
tccegecgea cgtteccaag teggttaaca gegatatgat ggtcactgac cacaacggeg 360
ccatcaagcet gtegeagetg tgtaagttet gegacgtgeg gtegtecace tgtgacaacce 420
agaagtcctyg ctggagcaac tgcagcatca cggecatctg cgagaagecyg gaggaggtcet 480
gegtggetgt ctggaggaag aatgatgaga acatcacgct ggagacagtce tgecatgacce 540
ccaagattge ctaccatgga tttgtectgg acgatgetge ttcttcaaag tgtatcatga 600
aggaaagaaa ggggtccgga gagactttcet tcatgtgete ctgcagetce gaagaatgca 660
atgaccacat tatcttctee gaagagtaca ccagcagtaa ceccegacttg ctgctggtta 720
tcttecaagt gacaggegte agectectge caccgetggg categecate gcagtcatca 780
tcactttcta ctgctaccge atccaccgge agcagaaget gageccagece tgggactegg 840
gcaagccegeg caagcetgatg gagttcagtyg agcacctgge catcatcctyg gaggacgacce 900
getecgacat cagctccacce tgcgccaaca acatcaacca caacacggag ctgctgecca 960

tcgagetgga caccctggtg ggcaagggge gettegecga ggtctacaag gccaagetga 1020

agcagaacac gtctgagcag ttcgagaccg tggccgtcaa gatcttccece tacgaggagt 1080

atgcctectyg gaagacggag aaggacatct tcteggacat caacctcaag cacgagaaca 1140

tcctgecagtt cctgacggece gaggagegca agacggaget gggcaageag tactggetca 1200

tcactgecctt ccacgccaag ggcaacctgce aggagtacct gacgcgccac gtcatcaget 1260

gggaggacct gcgeceggetg ggeggetege tggeccgegg catcgegeac ctgcacageg 1320

accacaccct gtgeggeegg cccaagatge ccategtgea cagggaccte aagagctcca 1380
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acatcctggt caagggcgac ctcacctgct gcectcectgega cttegggcte tcactgeggce 1440
tggaccccac cctgtcagtyg gatgacctgg ccaacagtgg gcaggtggga acggcgagat 1500
acatggctcce agaggtcctce gagtccagga tgaatctgga gaacgtggag tccttcaagce 1560
agacggatgt ctactccatg gccctggtge tctgggagat gacgtctcge tgcaacgcag 1620
tgggagaagt gaaggactat gagcctccgt tcgggtctaa ggtgcgggag catccctgtg 1680
tggaaagcat gaaggacaac gtgctgagag atcgaggccyg accagagatt cccagcetcect 1740
ggctcaacca ccagggcatce cagacggtgt gcgagacgcet ggccgaatgce tgggaccatg 1800
acccegagge ccggetcacg gegcagtgeg tggecgageyg cttcecagcegag ctggagcace 1860
tggacaggct ctcegggagg agcagetegg aggagaagat ccccgaagat ggctcecectca 1920
acactaccaa atagctcttc ccgcggecgg cecagegegyg cegecctgtyg gccaaagage 1980
agggtcagca gaaagctgcc cctgacgatg cttectggaa cccggggtge tecctceccce 2040
gagctgggag ggggtggcag gaagcagctt ctgcctttga cgttgtcata ggataagcetg 2100
tgttagcact tcctcaggaa atgagattga tcttacaata gccaataaca tttgcacttt 2160
attaatgcct gtatataaat atgaaatagc tatgtttata tatatctata tatgtctata 2220
tatacacagc catacttgtg gaaagagatg aggacagaga ccacacgtgce ccagacgtgg 2280
gectggatggyg cagectcage acttggegge acgegtgtge tgggceteggg gcacacgggyg 2340
agggggtctce tgcctttaga gagaggctcg ggtctaggag cctgctgtge cgcattgcac 2400
ttgcttttge aacgtagtaa ctccctgcac tgggtceccetgt cectggetgtg gagccaagtg 2460
gagccgcact gtcectggggac cagaccccaa ggtccccacg tcecccatcatce tctectggac 2520
tcggcactga gcgtcacacce cacgtttgtt ttgtgaacct ctgtcctcag ctagctcaga 2580
aagtctcatc gecgtcaacgt tttaagtcce atcttttacce tccacaagct acagaaaaat 2640
caggacatgt tttccctacc cgtgaaattg ccacaccttg tactaatgag aaaatgttct 2700
ttttaaaaaa atcccccect ccacctatgt tactgttecce catttcecctaa aagggcacag 2760
atctcectte caggctcttt atgttcagtt tttcatcacg ctcecggtttet gtettcecget 2820
tgccatgcat cactggtggg tcectcaggctce cagggggact tgagcacgtt ttggccacgt 2880
ggacagtatt gaagcagcat tgtgctgcca cagtcaggac tgtccaggca ctcggaacgt 2940
gcatcttget tggccagcac agtgtttaac aaaattgagc cactttttaa atatctggag 3000
attttgcaaa caaattttgg atccccgagt gagactagat agctgatggce ttacagttct 3060
cgctgtgeca cgtcattcac agatgatggt gtagacacac ttagaaagct gctctcecttcece 3120
cctgtgaaca ttcgtgttte ccecctgttcet caccctagtt tgggaattaa accttcettte 3180
cccagccaag gttcectgca agaaatgtgce attcacgcaa tcattctctg getatagagt 3240
gtcgttttga ttececcttect ggggttaaaa ttcgaagttg gecttttttt tttttttgga 3300
gtgacaggga ctgcctctgg atggtcccta ttaacccaaa tcectcecttttge ttgtatatta 3360
aagagtgttc ccctttgcat tcaaaggggg agacctttac tccaagaagt tgttgtcatg 3420
gttaccagtc tcttagtcat acccaccttc ccaatgtttg cagaatttga atgtgggatg 3480
caggagtccce atctacagtt aggaaatatg tgtccatgtg ggtaagaaca aagaatgagc 3540
tttaatcctce cataagaaac ttggtaatcc acaaacaggt gttaatgctg caaataacaa 3600
gctettttgt aaacatgatt tgaagcttat tttcagccaa ataggtagga atattggaga 3660
gggactggca atgatcagat cagctctget tgggttttgg aagccgcatc tcattggggt 3720
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tttagcagac acgctgaagt tgggattaag tggaattttt aggaaccett cttggttcaa

gtggactgag agagattagg cagtttggcc acaatgccat ggaagtgccce agaagtcceg

tgcactttag ggctggtgat getgtcccaa tagetgttge tcattgacct ctagtggtga

atttctagaa tactggtcca ttatgggaac tgccaagatt caaaagagcet ttatcactte

tgggtcatca tcagcataaa ctggaatgta gatgatactg tggettgttt tatgtgtgtt

ttttccttat tcaagaaaaa gaccaaggaa taacattctg tagttectaa aaatactgac

ttttttcact acgtaaaggg aaagttgtat tcttttatgg aacatttcag caatactcat

gtattaaaat aggaatgtga atgctgtata ctctttttat atcaaatgtg tcaagcactt

attttcattc tatgcattgt ttgtctttta tataaataaa atgtttattc gattgaataa

agcaaaagta ctcaggtcag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 2276

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Bos taurus solute carrier family 11
(proton-coupled divalent metal ion transporters), member 1
(SLC11Al) - NRAMP1

SEQUENCE: 6

gettgecatyg ccegtgaggg getgecegge acgccageca ctegcacaga gagtgeccga

gectgeggte ctcatgtcag gtgacacggg ccccccaaag cagggaggga ccagatatgg

ctccatctee agecccaccca gtccagagece acagcaagea ccteceggag ggacctacct

aagtgagaag atccccatte cggatacaga atcgggtaca ttcagectga ggaagetgtg

ggccttcacy gggcectggat tectcatgag catcgcatte ctggacccag gaaacattga

gtcggatett caggetgggg ctgtggetgyg attcaaactg ctetgggtge tgetgtggge

cacagtgttyg ggcttgettt gecagegact ggetgecegg ctgggegtgg tgacaggcaa

ggacttggge gaggtctgec atctctacta ccctaaggtg ccccgeatte tectetgget

gaccatcgag ctagccateg tgggctcaga catgcaggaa gtcattggea cagetattge

attcagtetyg cteteegeeg gacgaatcce actectggggt ggtgtectca tcaccegtegt

ggacacttte ttecttectet tectcgataa ctacgggttg cggaagetgyg aagecttttt

tggatttctt attaccataa tggecttgac ctteggetat gagtacgtgg tggctcagece

tgctcaggga gcattgette agggectgtt cctgeccteg tgcccagget gtggecagece

cgagctgetyg caageegtgg geatcattgg cgecatcate atgecccaca acatctacct

gecattecctee ctggtcaagt ctcgagaggt agaccggtece cggegggegyg acatccgaga

ggccaacatg tacttcctga ttgaagccac catcgecctg tetgtcetect tectcatcaa

cctgtttgte atggetgtet ttgggcaage cttctacaag caaaccaacce aggcetgegtt

caacatctgt gccgacagca gectccacga ctacgegeeg atctttceca ggaacaacct

gaccgtggca gtggacattt accaaggagyg cgtgatcctg ggetgectet ttggtectec

agccctgtac atctgggecg tgggtcetect ggetgetggg cagagetcca ccatgaccegg

cacctacgeg ggacagtttg tgatggaggg cttectgaag ctgeggtggt cacgettege

ccgagtectyg ctcacteget cctgegecat cctgeccact gtgetectgg ctgtettcag

ggacttgegg gacctgtcag gectcaacga cctgctcaat gtgectgcaga gectgetget

tcecectteget gtgetgecca tectcacctt caccageatg cecgeectga tgcaggagtt

3780

3840

3900

3960

4020

4080

4140

4200

4260

4280

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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tgccaatggce ctggtgagca aagttatcac ttecctccatce atggtgctgg tetgegeegt 1500
caacctttac ttcgtgatca gctacttgce cagecctcceccce caccctgect acttcagect 1560
tgtagcactg ctggccgcag cctacctggg cctcaccact tacctggtet ggacctgtcet 1620
catcacccag ggagccacte ttectggeccca cagttcccac caacgcttece tgtatggget 1680
tcctgaagag gatcaggaga aggggaggac ctegggatga gctceccacca gggectggece 1740
acgggtggaa tgagtgggca cagtggcctg tcagacaagg gtgtgtgtgt gtgtgtgtgt 1800
gtgtatgtgt gtgaaggcag caagacagac agggagttct ggaagctggc caacgtgagt 1860
tccagaggga cctgtgtgtyg tgtgacacac tggectgceca gacaagggtg tgtgtgtgtg 1920
tgtgtgtgtg tgtgcatgca cagcaagacg gagagggagt tctggaaggc agccaacgtg 1980
agttccatag ggacctgcta tttcctagct cagatctcag tgttcttgac tataaaatgg 2040
ggacacctac cttggagtgg ttgtaaataa gacacttgaa cgcagagcct agcacttcag 2100
atttaaaaac aaaagaatca taattccaaa agttactgag cactatcaca ggagtgacct 2160
gacagaccca cccagtctag ggtgggaccce aggctccaaa ctgatttaaa ataagagtcect 2220
gaaaatgcta aataaatgct gttgtgctta gtccccgaat ccatatgact agtaga 2276
<210> SEQ ID NO 7
<211> LENGTH: 8880
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10
<400> SEQUENCE: 7
ttgtctgcca ctcaattgtg cagttggtct gaagagaatg gaaagcaaat tgtattgatt 60
tgatcgaatg aatcctggcce cattagaatg gaaaatattg gettttattt tccaagettt 120
tctgaaaact gagaaagccce aagtctagec aaagagaaag cagggttttt aacaaactga 180
agaaaagaga gcaagagtga gagaagaatt aaaagtggaa atggaaagta gagtcaaaaa 240
taagtctgca gtagagtcce tcccaccacce cagegccectyg actgeccceca gccctegcag 300
cctgatcceg gggecccage cecttggega aggggattca cagtaacagyg tagggcacgg 360
tgaagcagce cccagactcce taggggttcet gacttgaaac cacaggtgca catgtgagge 420
tctgecgett ccaggacaca catgatgetce agaggcgatyg tcatgctgaa gaaccgcaca 480
gactactggyg aaactctgcg tgaaggagac agcagtgaag caatgggcat ctcecttett 540
gectgcaggte aggggectee gtgtaggtcece tctactectt ccecteggagge caggetttga 600
tcaccctect cccegttcatce ctcacacaga catttttgtt aaatgtctca attaaggtte 660
agctecttaa gccagcagcet ctcaaagtcc ggtccaagga cagtttgtat gaggactttt 720
gtectgctaac tgtatagtte tatgaggetg gattttetee atatgettec acctcaaaaa 780
cctatcacac tgggttggcet gtaggagcag atgtcagagt gtaagttttt ctgttaaacce 840
aggtatgcaa agagctttgc gacagtgtca gaacagtaca ctcectctcac tgaatgtgtt 900
ctgacttaga aaacagttat ttttcattaa aaatatgcta tttattttaa catgtagtgg 960
gtttttatcg tttttcttta gaacgccata catggacttt taaaaaaatt tcttagtttt 1020
tttttctacc atgatcaata tcaatagaca taatctaaca aagtaaaagc tctttgaggt 1080
cttcaatact ttttaagaag gtaaagcagt cctgaatcca aatagtttga gaagagttga 1140
ctaagggaat ccaggaccac actgaacacg gtgacccact cccactcect gctctggaga 1200
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atggaccacc tcgggctgga gtgtaaatga cacactcaca gtagaagtga tgcaggtcca 1260
ggacggaggg agcggccagce ttgtccegtg ttagtgcgge cgtgcaccta agcacacatg 1320
cagtggggtt gaggatttag agttggggtc catcttacag atgaaggtcg gagcaggcaa 1380
gctgaaggca ggcatcagct ctcecttaaata gggcccatga aggagactat gcttcaaggg 1440
tgccagggca ggagggtgag ccaaactatt cttttatgtc actgcagtca catcttaaag 1500
acaatataca gaagaaactc ctttctgttt gcaaatactc gagggcctga aatatttcce 1560
taaaagaaaa atatctaagc aactctcacc cccatctcecca gectcectaage ataagggcta 1620
tgcgcectge acgtgcataa tagagttatc actgttttat ggaggaaatg cttattttca 1680
cagacttctc gettectgete atcactgctg ctcacatcett agacaactcce ccccggcecat 1740
tggtgctgac catgaaaact cagtgatata acactcatgt cagtcaagga attaagtact 1800
gatttgagaa gaagaatgca aaaggaatcg agttctgatt tcgecctttgt tattaactac 1860
ctctagtgece tgcttccecegg gtggcactgg tagtaaagaa cccggctgece agtgcagaag 1920
acataagagc tccaagttcc atctgtgtgt tgggaagatc ccctggagga gggcatggca 1980
acccactcca gtattcttge ctggagaatc ccgtggacag gggagcectgg tgggctacag 2040
tccatggggt cgcaaagagt tggacacgac tgaagcgact tagcatgcac gcatgcagtg 2100
cctgggaaag tcactttett ttcectaggcect cagtttgecce acctgtaaaa tgaagaacgt 2160
ggattttgtt getgttgttg tttggtcact aagccctgte cggctcetttt gtgaccceccat 2220
ggaccatagc ctgttaggct actttcaccc tctactttat gtgagatagt cgtcaaatgt 2280
agccacttac agccacaaag agttcaggag gcacacgctc cgtcatgctce catcatcgac 2340
aatatttagt gagagccttg gatgtgcctg gaattgtttt gagtacgagg caaacagcaa 2400
taatcaaaaa tagacatgca ccctgcccct gcggagggct gtccaatgga agagatagag 2460
atcaagcagg tgaccacgta gccatgcgag taattacaag ctggcatcag tactacagag 2520
aaaaggagca aggtgtcctg agacacaccce aggtggctca accttttcag gggaataagg 2580
aaaaactcat gtgacaaagt aagctctaag ctgagaactg aaggataaag agaagggaat 2640
ccectetett taatctcettt ccatgcagaa aagggagact acatgcgcaa aggccctgta 2700
gtagaataga gagcacagat catttgaaaa aaaataaaag aggaaagccg gtaaggctgg 2760
gatgcacaga gaagtggaca gtgttggaag gtgaggcaga aggaacactc agggtcagag 2820
gatgcagggg gctgtaaaca gcattaagaa cacaggtcct tattttaccc aggaagggga 2880
agtggcacgt cattgaaggg tttaagcaag gggagagtca tgatcagagt ggtgttttga 2940
aaataatccc ttgggctaca aagaagaaaa cagtttggaa aacagatttt agaatatcaa 3000
ccaggcactt gtttggagcc caggagagat aagatgttag cttgaaccag acagtcgcetg 3060
ctgctgctga tgcaaataga gagaagttag acgattagaa agatgtttgt gggggctttce 3120
ctggtggtcce aggggttaag aatccaatgc agggggtgtg ggtttgatce ctggttggga 3180
aactgagatc tcacacacca cagggcaact aagcctgcat actgcaagga agaaccaggg 3240
cagcttaagce ttaagaagga aaaaaaaagg atgtttgtga agaaaattct gcaagacctt 3300
gtaatagatt ggacataggt tattaagaga gagagaggaa ccaacaagtt atttctaggce 3360
gtccagcatg tatgttatgt tagatggtgg tccccttcecet gagtgagggce accatgtcac 3420
tggatgaagc tgagatgaag ctatgtattt agtctctgat aaaaatgggc cccatcatcce 3480
tgggtcccag cgtaaaacga aaatgttcta cagttgttaa gaatttcaag acagtgacaa 3540
cagagcaaag cacgggcccce tgagtgacca cacaagtcac gtgacttget cagacacaag 3600
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caaagtttgg ggtgtcagcc attcagggga atttgactaa actgaatcct accagaggga 3660
cagcctggga gctgaaggga tcecgtcetgtg ccecccggete aggaacccac tcegttactcee 3720
aggtggtcat gcagactgag cagagacagc tgtattctct gggtggcagg gtctccaaca 3780
ccttgtgtece tggcccctge agccaaattt ctcacgtgag aaattacaga acagggtgtce 3840
cgtccectaa ggaaaatcca agttgcttga tttggcgceca tcgttgcaca aaggggaatt 3900
ccacgttggce tgtccaaaga tcagccctte cgetgtggtt tgcagegtet gecggcectag 3960
gtcectecggaa gggcacccac tccagtttge ataaccctca ctagattcag ccaaggggcece 4020
agccccaact ggggctcectt ttaaagctct gacccacaag gtctttatte tgaagcacct 4080
caaccacaag gtcaaagtca caggcagaac cctgtccect tgagccctee cacccccace 4140
ccegeggceta cacgtagagg gtgtgatgce atagtctgeg ctcectggacca ggectgttge 4200
cgcacagccee ctgaggaacce aacggttcag ggagccgagyg ggggttattce aagggaatac 4260
tagaaatttc acactgggga aactgtggta cgttctagat gtcctgaaga agaagaaatg 4320
aaactccgtt atcagccttg aagtaatagce tgcaatgagc aagcaggagc caagccctga 4380
ggggttcttt gtggaggtcg tcagcccect ggttccaggt gggcaccctce gcacttgect 4440
gctttcatca ctgacctgce tgctactgtce gtggtgaccce tgttgacagg cacactggcet 4500
gaaccctgag tccagcaagce caagattcca cagggcaggce ccacgtacct ccccatcettt 4560
tttccaccece tgggacagaa ttgttgcaag gcacagggca attctaccaa gaaggttgtce 4620
cttttgctga gcatgagggt ggccacgagg tgattccttg taagcceccttg tacagtctag 4680
actgcactct ctaaaatcta tccacacttt gtctgcctag agtcctctgt agctaaagtce 4740
gtgaaatgca tcagtggaac attccagaaa aatcattagg gcctttggtc tctacatatg 4800
tcectecatee ctggeatcett aaaataacac gtaggaaage aagacggcag aaaaggccgg 4860
ttectgttgac atttgggtgce tgcgctagct ctggacaacc tgcctctgaa cttettgtca 4920
ctggagacca aaaaataata tccctttcect tttaaagecce tggtgagtca ggctgtettt 4980
cctttgtage tgaatactga cattagggaa tattttggag cagggggaga agaaagaggc 5040
atttccecte ccacacatte ctectgattte ccagttagtc tgcacgggaa aagattcgcet 5100
taaattctat ctcatgagcg cacatcagac atctgccegtg agtctagact ggagaggtga 5160
ccgggctecag gtcatttget ctcaaggagce ccacaggcta acaagcggca cctgtgetgt 5220
cttgagagcce acaggccgaa tgtgtccaga ctgatgcacc gtccatccge agggatctgce 5280
tcactcctee cectgecteggg ctettetetg ggectggaaag geccageccag atcgaacata 5340
cagacggctg acatttattt atgtctcatc tatgtaaccc tgtgagtttg ggactttttg 5400
cagtggattg taatgacttt tcagatgaat gataccttca cggtcttgag acacaggtgt 5460
catctttgtt tactgtttgg tcaacatata agcaggggat cttaactttt cccaaaatgt 5520
gcatacctet tcectecgtataa catcttgaca catcggttet atgagattta tggataggga 5580
agatcttgtt gtctccattt gttaattaag tgattgcatc aaggagattg cctaaatggt 5640
ctctgaccat tcagattgtg aaaattttga gaggagagag gacaacggtt tcaaatcagt 5700
ggaggaagat caacaattca acaaatgact tgaagtgatt ggctgctgct gctaagtcege 5760
ttcagtcatg tccgactcetyg tgcgacccca tagatggcag cccaccaggce tcetgcgacce 5820
ctgggattct ccaggcaaga acactggagt gggttgccat ttccttctecce aatgcatgaa 5880
agtgaaaagt gaaagtgaag tcactcagtc gtgtctgacc ctcagcgacc ccatggactg 5940
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cagcccacca ggctecteca tcecatgggat tttcecaggca agagtactag agtggggtgce 6000
cattgcctte tccggaagta attggcaaca cgttccaaaa caaagaagcc agaagctaag 6060
cctcagecta cctgatgtgt tatagaagaa agatagaaat ggctctttee tectecttte 6120
acctgccatt gecgtgcatgt gtgcgtgtce atgtctgtgt gagtgtgtcet ttaatatttg 6180
aaattataag aagaaagtgg aagacactca gcataccttc ctgagttgct gtccctgttt 6240
ctctgagtge ttgcctgtgt ctagacctgce ccaggtcecag gcectcectceccag ceccgttecg 6300
ggctcacagg atactctcct atgcccattc caacacagga aaaaggaagc tatgtgecta 6360
gcacattcca gaggccagac cctgtactca gcaccaggta tataggataa tgaaacagcyg 6420
ccaggtctca gagagctcac actgtctage agaggcagtg gggtacatgg atgatagcag 6480
cggttgttgt cgattgagta gcgtagaggg gcacagggca cggtggcaaa ctgggtaaga 6540
ggcggtctge accacctggg tccagaagta gggcctcectgg cctgagggat ctgccaggcet 6600
gagtctgcac ccagaacacc catctcagag aaaggttage cctgtggact aaagcaaaca 6660
caacccagaa aacccaggag ccaagaggtg aggggcaggg cagaagggat gcaaaaccca 6720
gtcecectgace ccttegetgt gtttectagt ggccaaagtce agaactctta gctaagecca 6780
gtgtaaatat ggcaggagca gcaattcctg agtcagttct acacctgtat aatattttaa 6840
ttttattaaa gcattagtca atgtataatg tgttaattta tgcttcagtt atacatatat 6900
acatatatat atattcttat tcattctctt ttccattatg ttttatcatt ggatatggaa 6960
tatagtttca tgcctatttc taaaacttct ttcectcecctte atgagtcttg gatttcectgece 7020
ttcacattce ccaaggggtyg ggaagtgagg ctacagccca ctgctcecctge cccacgaggt 7080
acagcgtggg cctggaccct cttectectt cctgecceecg ceccactcaca acagcecccegg 7140
tatatccacc ctccttgtet ggtgcagtga gcttcectttaa tggggaaggce tcagaaccca 7200
gggccaccaa tgctgatgca ggaaggcatg gaaataacag aaacactgga gacaccctac 7260
gtctggatce acgagttacce tccccgatcce cctgcccatg tgaagcccaa aggcccteca 7320
gcaggcagga ggcaggtact gctgcaccct caggatggac agaaaacagg cagaggaggyg 7380
tcaagtgact tgcccgggtt taaagcatga cggagcccag gcectcecctgge cectggatceg 7440
gagttctteca caggagaggce ggggagaagce ccctgcagaa ggagtcaagg cacagtctece 7500
accctttect tcectagtggta aggcaacatt cctcactaca tcectggcecttac tecaccectg 7560
cacacacacg cgcgcacaca cacacacaca cgaatgtgca catccaaaga aagacaaata 7620
acgtttettt ggaaggagaa gggtagggaa gaggggataa agaggcctca tatccagect 7680
ccatagaatc tcaacttatt ttccttgtta cttetgette tttctcecccca agtgtgagte 7740
tccagccaaa gcagttcaca acccagaaga aacctaatgce ctctttaatc caaaatttcce 7800
attctgcacc ctggggccag tgtagagtag ggaatagttg gecctgaatgt caggcagacc 7860
tcagtgcaga ttctggctecce cteccctegge gcccatgcac agggtacctg acacctetgt 7920
gtcteggetyg gttcactgtg cagtggeggg gaggtcccgg tgactggcag gcacagcette 7980
cagtgagcat ggactatgcc tcecctaacacce ccctgaggat ggggcagcgg agggggttag 8040
aggcatagat ctgagagtct aaatgaaccce agggctaggyg aaggaatctyg gagcacacce 8100
catgccectg actgtcectet gggaagetgg ccactttgag gagtaatcct ggaacataaa 8160
aaaaccagaa ggcagctttg aggacattta gctcacatct ttgttttctt ctggggaaac 8220
tgaggcctga agagttgagg taacttccca acccagcaag aagaagccct gaatatcaac 8280
gcaggttgag gagttgatat tatttcttaa tcacattgta ttctggaatg gccaatttge 8340
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cctegtcecact gtgatctaga gacacgtgaa tggaacccac aactgtgggt ccctgcgtac 8400
agagcagctg ttcaccccag gaaatcaact ttttttttta attaagagaa gttgaacatt 8460
atttttaaag agagagagag gtagtttctc ctaaaaatag ccatatgcag aagttcattt 8520
ttcacccatce tecttttgett acgatgcaat atttaaaaac ttttgagtaa gaggttcacc 8580
aaatgcaaag ctggagaggt ctagggaagg gaggggcaaa gaaacctttyg ccaggaaatc 8640
tgtgagtgac actgtggctt tttgtgaatg ggaggcctca cacaatataa aagggggcac 8700
agtaggtgaa ggtctacaca acaggggctt gctcecttgcaa aaccaaacca caagtccgac 8760
tcaacgaaga agacagagct ccgccatgce cagcagctca geccctgcectet gttgectggt 8820
cttecectgget ggggtggcag ccagccgaga tgcgagcacce ctgtctgaca gcagetgtat 8880
<210> SEQ ID NO 8
<211> LENGTH: 8880
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10
<400> SEQUENCE: 8
ttgtctgcca ctcaattgtg cagttggtct gaagagaatg gaaagcaaat tgtattgatt 60
tgatcgaatg aatcctggcce cattagaatg gaaaatattg gettttattt tccaagettt 120
tctgaaaact gagaaagccce aagtctagec aaagagaaag cagggttttt aacaaactga 180
agaaaagaga gcaagagtga gagaagaatt aaaagtggaa atggaaagta gagtcaaaaa 240
taagtctgca gtagagtcce tcccaccacce cagegccectyg actgeccceca gccctegcag 300
cctgatcceg gggecccage cecttggega aggggattca cagtaacagyg tagggcacgg 360
tgaagcagce cccagactcce taggggttcet gacttgaaac cacaggtgca catgtgagge 420
tctgecgett ccaggacaca catgatgetce agaggcgatyg tcatgctgaa gaaccgcaca 480
gactactggyg aaactctgcg tgaaggagac agcagtgaag caatgggcat ctcecttett 540
gectgcaggte aggggectee gtgtaggtcece tctactectt ccecteggagge caggetttga 600
tcaccctect cccegttcatce ctcacacaga catttttgtt aaatgtctca attaaggtte 660
agctecttaa gccagcagcet ctcaaagtcc ggtccaagga cagtttgtat gaggactttt 720
gtectgctaac tgtatagtte tatgaggetg gattttetee atatgettec acctcaaaaa 780
cctatcacac tgggttggcet gtaggagcag atgtcagagt gtaagttttt ctgttaaacce 840
aggtatgcaa agagctttgc gacagtgtca gaacagtaca ctcectctcac tgaatgtgtt 900
ctgacttaga aaacagttat ttttcattaa aaatatgcta tttattttaa catgtagtgg 960
gtttttattg tttttcttta gaacgccata catggacttt taaaaaaatt tcttagtttt 1020
tttttctacc atgatcaata tcaatagaca taatctaaca aagtaaaagc tctttgaggt 1080
cttcaatact ttttaagaag gtaaagcagt cctgaatcca aatagtttga gaagagttga 1140
ctaagggaat ccaggaccac actgaacacg gtgacccact cccactcect gctctggaga 1200
atggaccacc tcgggctggce gtgtaaatga cacactcaca gtagaagtga tgcaggtcca 1260
ggacggaggg agcggccagce ttgtccegtg ttagtgcgge cgtgcaccta agcacacatg 1320
cagtggggtt gaggatttag agttggggtc catcttacag atgaaggtcg gagcaggcaa 1380
gctgaaggca ggcatcagct ctcecttaaata gggcccatga aggagactat gcttcaaggg 1440
tgccagggca ggagggtgag ccaaactatt cttttatgtc actgcagtca catcttaaag 1500
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acaatataca gaagaaactc ctttctgttt gcaaatactc gagggcctga aatatttcce 1560
taaaagaaaa atatctaagc aactctcacc cccatctcecca gectcectaage ataagggcta 1620
tgcgcectge acgtgcataa tagagttatc actgttttat ggaggaaatg cttattttca 1680
cagacttctc gettectgete atcactgctg ctcacatcett agacaactcce ccccggcecat 1740
tggtgctgac catgaaaact cagtgatata acactcatgt cagtcaagga attaagtact 1800
gatttgagaa gaagaatgca aaaggaatcg agttctgatt tcgecctttgt tattaactac 1860
ctctagtgece tgcttccecegg gtggcactgg tagtaaagaa cccggctgece agtgcagaag 1920
acataagagc tccaagttcc atctgtgtgt tgggaagatc ccctggagga gggcatggca 1980
acccactcca gtattcttge ctggagaatc ccgtggacag gggagcectgg tgggctacag 2040
tccatggggt cgcaaagagt tggacacgac tgaagcgact tagcatgcac gcatgcagtg 2100
cctgggaaag tcactttett ttcectaggcect cagtttgecce acctgtaaaa tgaagaacgt 2160
ggattttgtt getgttgttg tttggtcact aagccctgte cggctcetttt gtgaccceccat 2220
ggaccatagc ctgttaggct actttcaccc tctactttat gtgagatagt cgtcaaatgt 2280
agccacttac agccacaaag agttcaggag gcacacgctc cgtcatgctce catcatcgac 2340
aatatttagt gagagccttg gatgtgcctg gaattgtttt gagtacgagg caaacagcaa 2400
taatcaaaaa tagacatgca ccctgcccct gcggagggct gtccaatgga agagatagag 2460
atcaagcagg tgaccacgta gccatgcgag taattacaag ctggcatcag tactacagag 2520
aaaaggagca aggtgtcctg agacacaccce aggtggctca accttttcag gggaataagg 2580
aaaaactcat gtgacaaagt aagctctaag ctgagaactg aaggataaag agaagggaat 2640
ccectetett taatctcettt ccatgcagaa aagggagact acatgcgcaa aggccctgta 2700
gtagaataga gagcacagat catttgaaaa aaaataaaag aggaaagccg gtaaggctgg 2760
gatgcacaga gaagtggaca gtgttggaag gtgaggcaga aggaacactc agggtcagag 2820
gatgcagggg gctgtaaaca gcattaagaa cacaggtcct tattttaccc aggaagggga 2880
agtggcacgt cattgaaggg tttaagcaag gggagagtca tgatcagagt ggtgttttga 2940
aaataatccc ttgggctaca aagaagaaaa cagtttggaa aacagatttt agaatatcaa 3000
ccaggcactt gtttggagcc caggagagat aagatgttag cttgaaccag acagtcgcetg 3060
ctgctgctga tgcaaataga gagaagttag acgattagaa agatgtttgt gggggctttce 3120
ctggtggtcce aggggttaag aatccaatgc agggggtgtg ggtttgatce ctggttggga 3180
aactgagatc tcacacacca cagggcaact aagcctgcat actgcaagga agaaccaggg 3240
cagcttaagce ttaagaagga aaaaaaaagg atgtttgtga agaaaattct gcaagacctt 3300
gtaatagatt ggacataggt tattaagaga gagagaggaa ccaacaagtt atttctaggce 3360
gtccagcatg tatgttatgt tagatggtgg tccccttcecet gagtgagggce accatgtcac 3420
tggatgaagc tgagatgaag ctatgtattt agtctctgat aaaaatgggc cccatcatcce 3480
tgggtcccag cgtaaaacga aaatgttcta cagttgttaa gaatttcaag acagtgacaa 3540
cagagcaaag cacgggcccce tgagtgacca cacaagtcac gtgacttget cagacacaag 3600
caaagtttgg ggtgtcagcc attcagggga atttgactaa actgaatcct accagaggga 3660
cagcctggga gctgaaggga tcecgtcetgtg ccecccggete aggaacccac tcegttactcee 3720
aggtggtcat gcagactgag cagagacagc tgtattctct gggtggcagg gtctccaaca 3780
ccttgtgtece tggcccctge agccaaattt ctcacgtgag aaattacaga acagggtgtce 3840
cgtccectaa ggaaaatcca agttgcttga tttggcgceca tcgttgcaca aaggggaatt 3900
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ccacgttggce tgtccaaaga tcagccctte cgetgtggtt tgcagegtet gecggcectag 3960
gtcectecggaa gggcacccac tccagtttge ataaccctca ctagattcag ccaaggggcece 4020
agccccaact ggggctcectt ttaaagctct gacccacaag gtctttatte tgaagcacct 4080
caaccacaag gtcaaagtca caggcagaac cctgtccect tgagccctee cacccccace 4140
ccegeggceta cacgtagagg gtgtgatgce atagtctgeg ctcectggacca ggectgttge 4200
cgcacagccee ctgaggaacce aacggttcag ggagccgagyg ggggttattce aagggaatac 4260
tagaaatttc acactgggga aactgtggta cgttctagat gtcctgaaga agaagaaatg 4320
aaactccgtt atcagccttg aagtaatagce tgcaatgagc aagcaggagc caagccctga 4380
ggggttcttt gtggaggtcg tcagcccect ggttccaggt gggcaccctce gcacttgect 4440
gctttcatca ctgacctgce tgctactgtce gtggtgaccce tgttgacagg cacactggcet 4500
gaaccctgag tccagcaagce caagattcca cagggcaggce ccacgtacct ccccatcettt 4560
tttccaccece tgggacagaa ttgttgcaag gcacagggca attctaccaa gaaggttgtce 4620
cttttgctga gcatgagggt ggccacgagg tgattccttg taagcceccttg tacagtctag 4680
actgcactct ctaaaatcta tccacacttt gtctgcctag agtcctctgt agctaaagtce 4740
gtgaaatgca tcagtggaac attccagaaa aatcattagg gcctttggtc tctacatatg 4800
tcectecatee ctggeatcett aaaataacac gtaggaaage aagacggcag aaaaggccgg 4860
ttectgttgac atttgggtgce tgcgctagct ctggacaacc tgcctctgaa cttettgtca 4920
ctggagacca aaaaataata tccctttcect tttaaagecce tggtgagtca ggctgtettt 4980
cctttgtage tgaatactga cattagggaa tattttggag cagggggaga agaaagaggc 5040
atttccecte ccacacatte ctectgattte ccagttagtc tgcacgggaa aagattcgcet 5100
taaattctat ctcatgagcg cacatcagac atctgccegtg agtctagact ggagaggtga 5160
ccgggctecag gtcatttget ctcaaggagce ccacaggcta acaagcggca cctgtgetgt 5220
cttgagagcce acaggccgaa tgtgtccaga ctgatgcacc gtccatccge agggatctgce 5280
tcactcctee cectgecteggg ctettetetg ggectggaaag geccageccag atcgaacata 5340
cagacggctg acatttattt atgtctcatc tatgtaaccc tgtgagtttg ggactttttg 5400
cagtggattg taatgacttt tcagatgaat gataccttca cggtcttgag acacaggtgt 5460
catctttgtt tactgtttgg tcaacatata agcaggggat cttaactttt cccaaaatgt 5520
gcatacctet tcectecgtataa catcttgaca catcggttet atgagattta tggataggga 5580
agatcttgtt gtctccattt gttaattaag tgattgcatc aaggagattg cctaaatggt 5640
ctctgaccat tcagattgtg aaaattttga gaggagagag gacaacggtt tcaaatcagt 5700
ggaggaagat caacaattca acaaatgact tgaagtgatt ggctgctgct gctaagtcege 5760
ttcagtcatg tccgactcetyg tgcgacccca tagatggcag cccaccaggce tcetgcgacce 5820
ctgggattct ccaggcaaga acactggagt gggttgccat ttccttctecce aatgcatgaa 5880
agtgaaaagt gaaagtgaag tcactcagtc gtgtctgacc ctcagcgacc ccatggactg 5940
cagcccacca ggctecteca tcecatgggat tttcecaggca agagtactag agtggggtgce 6000
cattgcctte tccggaagta attggcaaca cgttccaaaa caaagaagcc agaagctaag 6060
cctcagecta cctgatgtgt tatagaagaa agatagaaat ggctctttee tectecttte 6120
acctgccatt gecgtgcatgt gtgcgtgtce atgtctgtgt gagtgtgtcet ttaatatttg 6180
aaattataag aagaaagtgg aagacactca gcataccttc ctgagttgct gtccctgttt 6240
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ctctgagtge ttgcctgtgt ctagacctgce ccaggtcecag gcectcectceccag ceccgttecg 6300
ggctcacagg atactctcct atgcccattc caacacagga aaaaggaagc tatgtgecta 6360
gcacattcca gaggccagac cctgtactca gcaccaggta tataggataa tgaaacagcyg 6420
ccaggtctca gagagctcac actgtctage agaggcagtg gggtacatgg atgatagcag 6480
cggttgttgt cgattgagta gcgtagaggg gcacagggca cggtggcaaa ctgggtaaga 6540
ggcggtctge accacctggg tccagaagta gggcctcectgg cctgagggat ctgccaggcet 6600
gagtctgcac ccagaacacc catctcagag aaaggttage cctgtggact aaagcaaaca 6660
caacccagaa aacccaggag ccaagaggtg aggggcaggg cagaagggat gcaaaaccca 6720
gtcecectgace ccttegetgt gtttectagt ggccaaagtce agaactctta gctaagecca 6780
gtgtaaatat ggcaggagca gcaattcctg agtcagttct acacctgtat aatattttaa 6840
ttttattaaa gcattagtca atgtataatg tgttaattta tgcttcagtt atacatatat 6900
acatatatat atattcttat tcattctctt ttccattatg ttttatcatt ggatatggaa 6960
tatagtttca tgcctatttc taaaacttct ttcectcecctte atgagtcttg gatttcectgece 7020
ttcacattce ccaaggggtyg ggaagtgagg ctacagccca ctgctcecctge cccacgaggt 7080
acagcgtggg cctggaccct cttectectt cctgecceecg ceccactcaca acagcecccegg 7140
tatatccacc ctccttgtet ggtgcagtga gcttcectttaa tggggaaggce tcagaaccca 7200
gggccaccaa tgctgatgca ggaaggcatg gaaataacag aaacactgga gacaccctac 7260
gtctggatce acgagttacce tccccgatcce cctgcccatg tgaagcccaa aggcccteca 7320
gcaggcagga ggcaggtact gctgcaccct caggatggac agaaaacagg cagaggaggyg 7380
tcaagtgact tgcccgggtt taaagcatga cggagcccag gcectcecctgge cectggatceg 7440
gagttctteca caggagaggce ggggagaagce ccctgcagaa ggagtcaagg cacagtctece 7500
accctttect tcectagtggta aggcaacatt cctcactaca tcectggcecttac tecaccectg 7560
cacacacacg cgcgcacaca cacacacaca cgaatgtgca catccaaaga aagacaaata 7620
acgtttettt ggaaggagaa gggtagggaa gaggggataa agaggcctca tatccagect 7680
ccatagaatc tcaacttatt ttccttgtta cttetgette tttctcecccca agtgtgagte 7740
tccagccaaa gcagttcaca acccagaaga aacctaatgce ctctttaatc caaaatttcce 7800
attctgcacc ctggggccag tgtagagtag ggaatagttg gecctgaatgt caggcagacc 7860
tcagtgcaga ttctggctecce cteccctegge gcccatgcac agggtacctg acacctetgt 7920
gtcteggetyg gttcactgtg cagtggeggg gaggtcccgg tgactggcag gcacagcette 7980
cagtgagcat ggactatgcc tcecctaacacce ccctgaggat ggggcagcgg agggggttag 8040
aggcatagat ctgagagtct aaatgaaccce agggctaggyg aaggaatctyg gagcacacce 8100
catgccectg actgtcectet gggaagetgg ccactttgag gagtaatcct ggaacataaa 8160
aaaaccagaa ggcagctttg aggacattta gctcacatct ttgttttctt ctggggaaac 8220
tgaggcctga agagttgagg taacttccca acccagcaag aagaagccct gaatatcaac 8280
gcaggttgag gagttgatat tatttcttaa tcacattgta ttctggaatg gccaatttge 8340
cctegtcecact gtgatctaga gacacgtgaa tggaacccac aactgtgggt ccctgcgtac 8400
agagcagctg ttcaccccag gaaatcaact ttttttttta attaagagaa gttgaacatt 8460
atttttaaag agagagagag gtagtttctc ctaaaaatag ccatatgcag aagttcattt 8520
ttcacccatce tecttttgett acgatgcaat atttaaaaac ttttgagtaa gaggttcacc 8580
aaatgcaaag ctggagaggt ctagggaagg gaggggcaaa gaaacctttyg ccaggaaatc 8640
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tgtgagtgac actgtggctt tttgtgaatg ggaggcctca cacaatataa aagggggcac 8700
agtaggtgaa ggtctacaca acaggggctt gctcecttgcaa aaccaaacca caagtccgac 8760
tcaacgaaga agacagagct ccgccatgce cagcagctca geccctgcectet gttgectggt 8820
cttecectgget ggggtggcag ccagccgaga tgcgagcacce ctgtctgaca gcagetgtat 8880
<210> SEQ ID NO 9
<211> LENGTH: 2278
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10 receptor, alpha

(IL10R_)
<400> SEQUENCE: 9
atgggagcgg aagatgcacc atctggagac agtccttggt gecacctgtt tccaaagaag 60
gatttggege agetgetctt cctcatgatt cgcccacacce tgtctcetecg aattcccagt 120
cceectecca gcagaagtca agtcctgett cagcacaaca acccectctca cacteggegg 180
aatgctgggg cagtccgege aaccggegge gggetcgace tectgacgcea acggegtgeg 240
ggeggggege ctegaggcece cgcecttetg gegtcagect cgeggggegt gageggacte 300
gtcaggctga ggtttcagte gcagecgagt agagccgetyg ceggaggega gettetegge 360
tceggetttyg gecceggcac gggagaatge ggtgcegecca ggatgetgte gcaccagata 420
gtgaagctygyg tggegetcect cagectgete cteggetcete gegegcacgg taaggatctg 480
gaactgccca gacctecate tgegtggttt gaagcagagt ttttccacca cgtectctac 540
tggacaccca ttccaaatca gtctgaaagt acctattatg aagtggaact cctgaggtat 600
ggagtagagce ccacctcctg gaagtccatce cagaggtgta gecagatget gatgatgtec 660
tgtgatgtca ctatggagac cctggacctg tatcgcagea atggttaccyg ggccagagte 720
cgggcagtgg acggaagcca gcattccaac tggacctcete ctaacaccceyg cttctcecatg 780
gatgaagtga ctctgacggt tgccagegtg aagctcgagg tgcacaacag taacatcgtt 840
ggggcecatee agctecccag gcoccgaggtg geccctgaag gegacacata tgaaaacatce 900
ttccacaatt tccgggagta ccagattgag gttcgcaagyg caccaggaca ctatgagtce 960
catggcaagg tcaaaaacga aagcttcaaa ctcccaatee cgagaggggt gggagagtte 1020
tgcgtcaggg tgaaaccgtce tgtgggatce cgagtaaaca aggaggtctg gtccaaggag 1080
gagtgcatcc tgctcaccte gcagtatttc acagtgacca acatcagcat ctttctcacce 1140
ttegtectge tgctctatgg ageccctggcee ttetgtetga cecttecaget gtatgtgegg 1200
cgecggggga agctgectge tgtectggte ttcaagaage ccagtceccctt caacctcatce 1260
agccagtttt cccacccaga gacccaagat accgtccaca ccctggatga ggaggcctte 1320
cccaaggtga ctcecggaget gaggaactca gacatgcacyg gcagcaccga cagtggette 1380
ggcagtgcca agccgtceget gcagaccgag gagccccagt tectectecce tgectccgac 1440
ccecaggeceg gggggactet ggaaaagggg atgecccagyg agttggagaa cagetgtggt 1500
agtgcaggta gcagcaacag tgcagacagc gggatctgct tgccagatcce ccgectgtgt 1560
cceggeacgg agceccagetg ggagccacag gtggggageyg acagecggga ccgggaggac 1620
agtggcattg gcctggteca gaactctagg ggacagectg aggatgctca gggtggctca 1680
gcttcaggece atgtgagtce cctgggacct gaggaacctyg tggaagaaga ctcagtggca 1740
ggggecttece agggctacct gaagcagacce cagtgeccag aggagaaggce agceccaggea 1800
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ggcggcctgyg aagaagagtce ttectcaaca gaggaccttg acccccaatt caggacgtge 1860
ctggatactg aggcgggctg gcectctacca gcectggeca agggctatgt gcaacaggac 1920
cceccagaaa tgattcttge tectttgcag accecctgaag aacagtggga ccgaccaact 1980
gaggactggt catttctggg cttgaccagc tgtggcgacc tcggcacatc tgactggagce 2040
tttgcccatg accttgcecee tetggattgt gtgeccggece cgggcggtet cctgggcagt 2100
tttgactcag acctggtcac cctgccactg atcaccagcc tgcagtcaaa tgagtgaggce 2160
aggctaaggg cttgcttttg atttcagctg cacgctgect ggacccagag gatccagggg 2220
ccagaagtga agcacaatgc cagtctgagc actttgctge aggcccagta ggtgtceca 2278
<210> SEQ ID NO 10
<211> LENGTH: 2278
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10 receptor, alpha

(IL10R_)
<400> SEQUENCE: 10
atgggagcgg aagatgcacc atctggagac agtccttggt gecacctgtt tccaaagaag 60
gatttggege agetgetctt cctcatgatt cgcccacacce tgtctcetecg aattcccagt 120
cceectecca gcagaagtca agtcctgett cagcacaaca acccectctca cacteggegg 180
aatgctgggg cagtccgege aaccggegge gggetcgace tectgacgcea acggegtgeg 240
ggeggggege ctegaggcece cgcecttetg gegtcagect cgeggggegt gageggacte 300
gtcaggctga ggtttcagte gcagecgagt agagccgetyg ceggaggega gettetegge 360
tceggetttyg gecceggcac gggagaatge ggtgcegecca ggatgetgte gcaccagata 420
gtgaagctygyg tggegetcect cagectgete cteggetcete gegegcacgg taaggatctg 480
gaactgccca gacctecate tgegtggttt gaagcagagt ttttccacca cgtectctac 540
tggacaccca ttccaaatca gtctgaaagt acctattatg aagtggaact cctgaggtat 600
ggagtagagce ccacctcctg gaagtccatce cagaggtgta gecagatget gatgatgtec 660
tgtgatgtca ctatggagac cctggacctg tatcgcagea atggttaccyg ggccagagte 720
cgggcagtgg acggaagcca gcattccaac tggacctcete ctaacaccceyg cttctcecatg 780
gatgaagtga ctctgacggt tgccagegtg aagctcgagg tgcacaacag taacatcgtt 840
ggggcecatee agctecccag gcoccgaggtg geccctgaag gegacacata tgaaaacatce 900
ttccacaatt tccgggagta ccagattgag gttcgcaagyg caccaggaca ctatgagtce 960
catggcaagg tcaaaaacga aagcttcaaa ctcccaatee cgagaggggt gggagagtte 1020
tgcgtcaggg tgaaaccgtce tgtgggctce cgagtaaaca aggaggtctg gtccaaggag 1080
gagtgcatcc tgctcaccte gcagtatttc acagtgacca acatcagcat ctttctcacce 1140
ttegtectge tgctctatgg ageccctggcee ttetgtetga cecttecaget gtatgtgegg 1200
cgecggggga agctgectge tgtectggte ttcaagaage ccagtceccctt caacctcatce 1260
agccagtttt cccacccaga gacccaagat accgtccaca ccctggatga ggaggcctte 1320
cccaaggtga ctcecggaget gaggaactca gacatgcacyg gcagcaccga cagtggette 1380
ggcagtgcca agccgtcact gcagaccgag gagccccagt tectectecce tgectccgac 1440
ccecaggeceg gggggactet ggaaaagggg atgecccagyg agttggagaa cagetgtggt 1500
agtgcaggta gcagcaacag tgcagacagc gggatctgct tgccagatcce ccgectgtgt 1560
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cceggeacgg agceccagetg ggagccacag gtggggageyg acagecggga ccgggaggac 1620
agtggcattg gcctggteca gaactctagg ggacagectg aggatgctca gggtggctca 1680
gcttcaggece atgtgagtce cctgggacct gaggaacctyg tggaagaaga ctcagtggca 1740
ggggecttece agggctacct gaagcagacce cagtgeccag aggagaaggce agceccaggea 1800
ggcggcctgyg aagaagagtce ttectcaaca gaggaccttg acccccaatt caggacgtge 1860
ctggatactg aggcgggctg gcectctacca gcectggeca agggctatgt gcaacaggac 1920
cceccagaaa tgattcttge tectttgcag accecctgaag aacagtggga ccgaccaact 1980
gaggactggt catttctggg cttgaccagc tgtggcgacc tcggcacatc tgactggagce 2040
tttgcccatg accttgcecee tetggattgt gtgeccggece cgggcggtet cctgggcagt 2100
tttgactcag acctggtcac cctgccactg atcaccagcc tgcagtcaaa tgagtgaggce 2160
aggctaaggg cttgcttttg atttcagctg cacgctgect ggacccagag gatccagggg 2220
ccagaagtga agcacaatgc cagtctgagc actttgctge aggcccagta ggtgtceca 2278
<210> SEQ ID NO 11
<211> LENGTH: 2278
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10 receptor, alpha

(IL10R_)
<400> SEQUENCE: 11
atgggagcgg aagatgcacc atctggagac agtccttggt gecacctgtt tccaaagaag 60
gatttggege agetgetctt cctcatgatt cgcccacacce tgtctcetecg aattcccagt 120
cceectecca gcagaagtca agtcctgett cagcacaaca acccectctca cacteggegg 180
aatgctgggg cagtccgege aaccggegge gggetcgace tectgacgcea acggegtgeg 240
ggeggggege ctegaggcece cgcecttetg gegtcagect cgeggggegt gageggacte 300
gtcaggctga ggtttcagte gcagecgagt agagccgetyg ceggaggega gettetegge 360
tceggetttyg gecceggcac gggagaatge ggtgcegecca ggatgetgte gcaccagata 420
gtgaagctygyg tggegetcect cagectgete cteggetcete gegegcacgg taaggatctg 480
gaactgccca gacctecate tgegtggttt gaagcagagt ttttccacca cgtectctac 540
tggacaccca ttccaaatca gtctgaaagt acctattatg aagtggaact cctgaggtat 600
ggagtagagce ccacctcctg gaagtccatce cagaggtgta gecagatget gatgatgtec 660
tgtgatgtca ctatggagac cctggacctg tatcgcagea atggttaccyg ggccagagte 720
cgggcagtgg acggaagcca gcattccaac tggacctcete ctaacaccceyg cttctcecatg 780
gatgaagtga ctctgacggt tgccagegtg aagctcgagg tgcacaacag taacatcgtt 840
ggggcecatee agctecccag gcoccgaggtg geccctgaag gegacacata tgaaaacatce 900
ttccacaatt tccgggagta ccagattgag gttcgcaagyg caccaggaca ctatgagtce 960
catggcaagg tcaaaaacga aagcttcaaa ctcccaatee cgagaggggt gggagagtte 1020
tgcgtcaggg tgaaaccgtce tgtgggctce cgagtaaaca aggaggtctg gtccaaggag 1080
gagtgcatcc tgctcaccte gcagtatttc acagtgacca acatcagcat ctttctcacce 1140
ttegtectge tgctctatgg ageccctggcee ttetgtetga cecttecaget gtatgtgegg 1200
cgecggggga agctgectge tgtectggte ttcaagaage ccagtceccctt caacctcatce 1260
agccagtttt cccacccaga gacccaagat accgtccaca ccctggatga ggaggcctte 1320
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cccaaggtga ctcecggaget gaggaactca gacatgcacyg gcagcaccga cagtggette 1380
ggcagtgcca agccgtceget gcagaccgag gagccccagt tectectecce tgectccgac 1440
ccecaggeceg gggggactet ggaaaagggg atgecccagyg agttggagaa cagetgtggt 1500
agtgcaggta gtagcaacag tgcagacagc gggatctgct tgccagatce ccgectgtgt 1560
cceggeacgg agceccagetg ggagccacag gtggggageyg acagecggga ccgggaggac 1620
agtggcattg gcctggteca gaactctagg ggacagectg aggatgctca gggtggctca 1680
gcttcaggece atgtgagtce cctgggacct gaggaacctyg tggaagaaga ctcagtggca 1740
ggggecttece agggctacct gaagcagacce cagtgeccag aggagaaggce agceccaggea 1800
ggcggcctgyg aagaagagtce ttectcaaca gaggaccttg acccccaatt caggacgtge 1860
ctggatactg aggcgggctg gcectctacca gcectggeca agggctatgt gcaacaggac 1920
cceccagaaa tgattcttge tectttgcag accecctgaag aacagtggga ccgaccaact 1980
gaggactggt catttctggg cttgaccagc tgtggcgacc tcggcacatc tgactggagce 2040
tttgcccatg accttgcecee tetggattgt gtgeccggece cgggcggtet cctgggcagt 2100
tttgactcag acctggtcac cctgccactg atcaccagcc tgcagtcaaa tgagtgaggce 2160
aggctaaggg cttgcttttg atttcagctg cacgctgect ggacccagag gatccagggg 2220
ccagaagtga agcacaatgc cagtctgagc actttgctge aggcccagta ggtgtceca 2278
<210> SEQ ID NO 12
<211> LENGTH: 2278
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10 receptor, alpha

(IL10R_)
<400> SEQUENCE: 12
atgggagcgg aagatgcacc atctggagac agtccttggt gecacctgtt tccaaagaag 60
gatttggege agetgetctt cctcatgatt cgcccacacce tgtctcetecg aattcccagt 120
cceectecca gcagaagtca agtcctgett cagcacaaca acccectctca cacteggegg 180
aatgctgggg cagtccgege aaccggegge gggetcgace tectgacgcea acggegtgeg 240
ggeggggege ctegaggcece cgcecttetg gegtcagect cgeggggegt gageggacte 300
gtcaggctga ggtttcagte gcagecgagt agagccgetyg ceggaggega gettetegge 360
tceggetttyg gecceggcac gggagaatge ggtgcegecca ggatgetgte gcaccagata 420
gtgaagctygyg tggegetcect cagectgete cteggetcete gegegcacgg taaggatctg 480
gaactgccca gacctecate tgegtggttt gaagcagagt ttttccacca cgtectctac 540
tggacaccca ttccaaatca gtctgaaagt acctattatg aagtggaact cctgaggtat 600
ggagtagagce ccacctcctg gaagtccatce cagaggtgta gecagatget gatgatgtec 660
tgtgatgtca ctatggagac cctggacctg tatcgcagea atggttaccyg ggccagagte 720
cgggcagtgg acggaagcca gcattccaac tggacctcete ctaacaccceyg cttctcecatg 780
gatgaagtga ctctgacggt tgccagegtg aagctcgagg tgcacaacag taacatcgtt 840
ggggcecatee agctecccag gcoccgaggtg geccctgaag gegacacata tgaaaacatce 900
ttccacaatt tccgggagta ccagattgag gttcgcaagyg caccaggaca ctatgagtce 960
catggcaagg tcaaaaacga aagcttcaaa ctcccaatee cgagaggggt gggagagtte 1020
tgcgtcaggg tgaaaccgtce tgtgggctce cgagtaaaca aggaggtctg gtccaaggag 1080
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gagtgcatcc tgctcaccte gcagtatttc acagtgacca acatcagcat ctttctcacce 1140
ttegtectge tgctctatgg ageccctggcee ttetgtetga cecttecaget gtatgtgegg 1200
cgecggggga agctgectge tgtectggte ttcaagaage ccagtceccctt caacctcatce 1260
agccagtttt cccacccaga gacccaagat accgtccaca ccctggatga ggaggcctte 1320
cccaaggtga ctcecggaget gaggaactca gacatgcacyg gcagcaccga cagtggette 1380
ggcagtgcca agccgtceget gcagaccgag gagccccagt tectectecce tgectccgac 1440
ccecaggeceg gggggactet ggaaaagggg atgecccagyg agttggagaa cagetgtggt 1500
agtgcaggta gcagcaacag tgcagacagc gggatctgct tgccagatcce ccgectgtgt 1560
cceggeacgg agceccagetg ggagccacag gtggggagtyg acagccggga ccgggaggac 1620
agtggcattg gcctggteca gaactctagg ggacagectg aggatgctca gggtggctca 1680
gcttcaggece atgtgagtce cctgggacct gaggaacctyg tggaagaaga ctcagtggca 1740
ggggecttece agggctacct gaagcagacce cagtgeccag aggagaaggce agceccaggea 1800
ggcggcctgyg aagaagagtce ttectcaaca gaggaccttg acccccaatt caggacgtge 1860
ctggatactg aggcgggctg gcectctacca gcectggeca agggctatgt gcaacaggac 1920
cceccagaaa tgattcttge tectttgcag accecctgaag aacagtggga ccgaccaact 1980
gaggactggt catttctggg cttgaccagc tgtggcgacc tcggcacatc tgactggagce 2040
tttgcccatg accttgcecee tetggattgt gtgeccggece cgggcggtet cctgggcagt 2100
tttgactcag acctggtcac cctgccactg atcaccagcc tgcagtcaaa tgagtgaggce 2160
aggctaaggg cttgcttttg atttcagctg cacgctgect ggacccagag gatccagggg 2220
ccagaagtga agcacaatgc cagtctgagc actttgctge aggcccagta ggtgtceca 2278
<210> SEQ ID NO 13
<211> LENGTH: 2278
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10 receptor, alpha

(IL10R_)
<400> SEQUENCE: 13
atgggagcgg aagatgcacc atctggagac agtccttggt gecacctgtt tccaaagaag 60
gatttggege agetgetctt cctcatgatt cgcccacacce tgtctcetecg aattcccagt 120
cceectecca gcagaagtca agtcctgett cagcacaaca acccectctca cacteggegg 180
aatgctgggg cagtccgege aaccggegge gggetcgace tectgacgcea acggegtgeg 240
ggeggggege ctegaggcece cgcecttetg gegtcagect cgeggggegt gageggacte 300
gtcaggctga ggtttcagte gcagecgagt agagccgetyg ceggaggega gettetegge 360
tceggetttyg gecceggcac gggagaatge ggtgcegecca ggatgetgte gcaccagata 420
gtgaagctygyg tggegetcect cagectgete cteggetcete gegegcacgg taaggatctg 480
gaactgccca gacctecate tgegtggttt gaagcagagt ttttccacca cgtectctac 540
tggacaccca ttccaaatca gtctgaaagt acctattatg aagtggaact cctgaggtat 600
ggagtagagce ccacctcctg gaagtccatce cagaggtgta gecagatget gatgatgtec 660
tgtgatgtca ctatggagac cctggacctg tatcgcagea atggttaccyg ggccagagte 720
cgggcagtgg acggaagcca gcattccaac tggacctcete ctaacaccceyg cttctcecatg 780
gatgaagtga ctctgacggt tgccagegtg aagctcgagg tgcacaacag taacatcgtt 840
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ggggccatce agctccccag geccgaggtg geccctgaag gcgacacata tgaaaacatc 900
ttccacaatt tccgggagta ccagattgag gttcgcaagg caccaggaca ctatgagtcce 960

catggcaagg tcaaaaacga aagcttcaaa cteccaatec cgagaggggt gggagagtte 1020

tgcgtcaggg tgaaaccgtce tgtgggctce cgagtaaaca aggaggtctg gtccaaggag 1080

gagtgcatcc tgctcaccte gcagtatttc acagtgacca acatcagcat ctttctcacce 1140

ttegtectge tgctctatgg ageccctggcee ttetgtetga cecttecaget gtatgtgegg 1200

cgecggggga agctgectge tgtectggte ttcaagaage ccagtceccctt caacctcatce 1260

agccagtttt cccacccaga gacccaagat accgtccaca ccctggatga ggaggcctte 1320

cccaaggtga ctecggaget gaggaactca gacatgecacg geagcaccga cagtggette 1380

ggcagtgcca agccgteget gcagaccgag gagecccagt tectectece tgectecgac 1440

cceccaggecg gggggactet ggaaaagggg atgccccagg agttggagaa cagetgtggt 1500

agtgcaggta gcagcaacag tgcagacagc gggatctgct tgccagatcce ccgectgtgt 1560

cceggeacgg ageccagetg ggagecacag gtggggageg acageeggga ccgggaggac 1620

agtggcattg gcctggteca gaactctagg ggacagectg aggatgctca gggtggctca 1680

gcctcaggece atgtgagtce cctgggacct gaggaacctyg tggaagaaga ctcagtggca 1740

ggggccttee agggctacct gaagcagacce cagtgcccag aggagaaggce ageccaggea 1800

ggcggcctgyg aagaagagtce ttectcaaca gaggaccttg acccccaatt caggacgtge 1860

ctggatactg aggcgggctg gcectctacca gcectggeca agggctatgt gcaacaggac 1920

cceccagaaa tgattcttge tectttgcag accecctgaag aacagtggga ccgaccaact 1980

gaggactggt catttctggg cttgaccagc tgtggcgacc tcggcacatc tgactggagce 2040

tttgcccatg accttgcecee tetggattgt gtgeccggece cgggcggtet cctgggcagt 2100

tttgactcag acctggtcac cctgccactg atcaccagcc tgcagtcaaa tgagtgaggce 2160

aggctaaggg cttgcttttg atttcagctg cacgctgect ggacccagag gatccagggg 2220

ccagaagtga agcacaatgc cagtctgagc actttgctge aggcccagta ggtgtceca 2278

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 14

LENGTH: 2278

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Bos taurus interleukin 10 receptor, alpha
(IL10R_)

<400> SEQUENCE: 14

atgggagcegyg aagatgcacce atctggagac agtccttggt gecacctgtt tccaaagaag 60
gatttggege agetgetcett cctcatgatt cgeccacacce tgtctcetecg aatteccagt 120
ccecectecca gcagaagtca agtectgett cagcacaaca accectctca cacteggegg 180
aatgctgggyg cagtccgege aaccggegge gggctcgace tectgacgca acggegtgeg 240

ggeggggege ctegaggece cgeecttetyg gegtcagect cgeggggegt gageggactce 300

gtcaggctga ggtttcagtce gcagccgagt agagccgetg ceggaggcega gettetegge 360
tceggetttyg gecceggeac gggagaatge ggtgegecca ggatgetgte gcaccagata 420
gtgaagctgg tggegctect cagectgete cteggetcete gegegecacgyg taaggatctg 480
gaactgccca gacctccate tgegtggttt gaagcagagt ttttccacca cgtectctac 540

tggacaccca ttccaaatca gtctgaaagt acctattatg aagtggaact cctgaggtat 600
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ggagtagagce ccacctcctg gaagtccatce cagaggtgta gecagatget gatgatgtec 660
tgtgatgtca ctatggagac cctggacctg tatcgcagea atggttaccyg ggccagagte 720
cgggcagtgg acggaagcca gcattccaac tggacctcete ctaacaccceyg cttctcecatg 780
gatgaagtga ctctgacggt tgccagegtg aagctcgagg tgcacaacag taacatcgtt 840
ggggcecatee agctecccag gcoccgaggtg geccctgaag gegacacata tgaaaacatce 900
ttccacaatt tccgggagta ccagattgag gttcgcaagyg caccaggaca ctatgagtce 960
catggcaagg tcaaaaacga aagcttcaaa ctcccaatee cgagaggggt gggagagtte 1020
tgcgtcaggg tgaaaccgtce tgtgggctce cgagtaaaca aggaggtctg gtccaaggag 1080
gagtgcatcc tgctcaccte gcagtatttc acagtgacca acatcagcat ctttctcacce 1140
ttegtectge tgctctatgg ageccctggcee ttetgtetga cecttecaget gtatgtgegg 1200
cgecggggga agctgectge tgtectggte ttcaagaage ccagtceccctt caacctcatce 1260
agccagtttt cccacccaga gacccaagat accgtccaca ccctggatga ggaggcctte 1320
cccaaggtga ctcecggaget gaggaactca gacatgcacyg gcagcaccga cagtggette 1380
ggcagtgcca agccgtceget gcagaccgag gagccccagt tectectecce tgectccgac 1440
ccecaggeceg gggggactet ggaaaagggg atgecccagyg agttggagaa cagetgtggt 1500
agtgcaggta gcagcaacag tgcagacagc gggatctgct tgccagatcce ccgectgtgt 1560
cceggeacgg agceccagetg ggagccacag gtggggageyg acagecggga ccgggaggac 1620
agtggcattg gcctggteca gaactctagg ggacagectg aggatgctca gggtggctca 1680
gcttcaggece atgtgagtce cctgggacct gagggacctyg tggaagaaga ctcagtggca 1740
ggggecttece agggctacct gaagcagacce cagtgeccag aggagaaggce agceccaggea 1800
ggcggcctgyg aagaagagtce ttectcaaca gaggaccttg acccccaatt caggacgtge 1860
ctggatactg aggcgggctg gcectctacca gcectggeca agggctatgt gcaacaggac 1920
cceccagaaa tgattcttge tectttgcag accecctgaag aacagtggga ccgaccaact 1980
gaggactggt catttctggg cttgaccagc tgtggcgacc tcggcacatc tgactggagce 2040
tttgcccatg accttgcecee tetggattgt gtgeccggece cgggcggtet cctgggcagt 2100
tttgactcag acctggtcac cctgccactg atcaccagcc tgcagtcaaa tgagtgaggce 2160
aggctaaggg cttgcttttg atttcagctg cacgctgect ggacccagag gatccagggg 2220
ccagaagtga agcacaatgc cagtctgagc actttgctge aggcccagta ggtgtceca 2278
<210> SEQ ID NO 15
<211> LENGTH: 1800
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus interleukin 10 receptor, beta

(IL10R_)
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1042)..(1042)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 15
ctececcget tgagegecct cctgggtece ggegegacta tggegegcag cctectgage 60
tggctgggeg getgectect gatgtcagea ttaggaatgg ttecacctece tgaaaatgte 120
agaatgaatt cagttaattt caagaatatt ctacgatggg agtcacctgce ttttcccaag 180
gggaatctga cgttcacage tcagtaccaa agttacagga aattccaaga tacatgcacg 240
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agtattttgt tgacggaatg cgatttctca agtctttcca agtatggtga ccacaccttg

agagtcaggg ctgaatttge tgatgagagt tcagagtgga taaacatcac cttcetgtect

gtggatgaca ccactatcgg acctcccaga atgcaagtag aagcacttge taattcttta

catgtgegtt tctttgecce aagaatcgag aatgaacctg aaccgtggac catgaggaac

atttataact catggactta ccatgtgega tattggaaaa atggctctga tgaaaagttt

ttaatttctg gtcagtatga cttcgagtte ctecgaaatce ttgagtcaca gacaacttat

tgtgttcaag ttcgagggtt tcetttetgat cggaacaaag ctggagaatg gagtgagect

gtctgegage aaacaaccat tgacgaaacc acccegtect ggatggtgge cagegtectg

gecagecteeg tgtgegecge tetectgeta ctgetegget gettettect getgeggtgt

gtttacagga aggcaaggca cgccttccce ccgaggaatt ctettecgea geacctgaaa

gagtttatga gccaccctca tcacagcact cttetettat tetecttece actgtetgat

gagaatgaag tctttgacaa actgagcgtce atcacagaag tgtctgaaag ctgcaagetg

aaccctgggyg ceggetgegg tcetcacgace tgacgtggge aggggtceett ccagetgatg

tccaaggagg gagcacactce ancegggege agtgacccece tecttgtect gteteccccce

aagggcagtce agagcagcca gecagggegg gecgagaceg ccetgagtaaa ccccagatgg

agagctcacg cagacgccgg ggcagegtcee acactgecaa ggagetggac tccaaatget

cgtgtggcaa aaccttggga acttgecact ttttagagge cttaatgatt tgaaaaaaaa

gttggccact gtgatttcece tgatggtcca tcccagtggt taaaagactce catgettceca

atgcaggggyg cacaggttcece atccttggtt gaaaaactaa gatcccacat atcacatgat

gtggccaaaa aaaaaaaaaa caaaggttga ggttggccac cagagatatg attctcaggt

atgattctce tgtgtattca ctaatataaa aaggetttag ggaattcece agcaggtcca

gtggttagga ctccatgett tcacagccga gggccgaggt tcagtcecctyg gtcacggaac

tcagacctca caagccatgt ggcaaaaaaa caaaaccacc aaaaaaaaaa gttttaaatg

gttagaaaca aaaatatata aaatgaggaa gaaagaccaa ggcaccatgyg aatctgagag

tgccgacatt ctgacgggag aaatggegte gactcagaag tegetatcac caagcactgt

acagagtgca gactctggat tctcagggac acttggactg ggtttatttt tctatgcaga

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 16

LENGTH: 1800

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Bos taurus interleukin 10 receptor, beta
(IL10R_)

FEATURE:
NAME/KEY: misc_feature
LOCATION: (1042)..(1042)

OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE: 16

ctceceeget tgagegecct cetgggtece ggegegacta tggegegeag cctectgage

tggctgggeg getgectect gatgtcagea ttaggaatgg ttccacctee tgaaaatgte

agaatgaatt cagttaattt caagaatatt ctacgatggg agtcacctge ttttcccaag

gggaatctga cgttcacage tcagtaccaa agttacagga aattccaaga tacatgcacyg

agtattttgt tgacggaatg cgatttctca agtctttcca agtatggtga ccacaccttg

agagtcaggg ctgaatttge tgatgagagt tcagagtgga taaacatcac cttcetgtect

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

60

120

180

240

300

360
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gtggatgaca ccactatcgg acctcccaga atgcaagtag aagcacttgce taattcttta 420
catgtgcegtt tctttgeccce aagaatcgag aatgaacctyg aaccgtggac catgaggaac 480
atttataact catggactta ccatgtgcga tattggaaaa atggctctga tgaaaagttt 540
tcaatttctyg gtcagtatga cttcgagttce ctecgaaate ttgagtcaca gacaacttat 600
tgtgttcgag ttcgagggtt tctttcetgat cggaacaaag ctggagaatyg gagtgagcct 660
gtectgcgage aaacaaccat tgacgaaacc accccegtect ggatggtgge cagegtcectg 720
gecagecteeg tgtgcgecge tctectgeta ctgctegget gettettect getgeggtgt 780
gtttacagga aggcaaggca cgccttccce ccgaggaatt ctettecgca gcacctgaaa 840
gagtttatga gccaccctca tcacagcact cttctettat tcetecttecce actgtctgat 900
gagaatgaag tctttgacaa actgagcgtc atcacagaag tgtctgaaag ctgcaagctg 960
aaccctgggg ccggcectgegg tetcacgace tgacgtggge aggggtcectt ccagetgatg 1020
tccaaggagg gagcacactc anccgggcgce agtgaccccce tecttgtect gtetccccece 1080
aagggcagtc agagcagcca gccagggegg gecgagacceg cctgagtaaa ccccagatgg 1140
agagctcacg cagacgccgg ggcagegtece acactgccaa ggagctggac tccaaatget 1200
cgtgtggcaa aaccttggga acttgccact ttttagaggc cttaatgatt tgaaaaaaaa 1260
gttggccact gtgatttcce tgatggtcca tcccagtggt taaaagactc catgcttceca 1320
atgcaggggg cacaggttcc atccttggtt gaaaaactaa gatcccacat atcacatgat 1380
gtggccaaaa aaaaaaaaaa caaaggttga ggttggccac cagagatatg attctcaggt 1440
atgattctcce tgtgtattca ctaatataaa aaggctttag ggaattcccce agcaggtcca 1500
gtggttagga ctccatgctt tcacagccga gggccgaggt tcagtccctg gtcacggaac 1560
tcagacctca caagccatgt ggcaaaaaaa caaaaccacc aaaaaaaaaa gttttaaatg 1620
gttagaaaca aaaatatata aaatgaggaa gaaagaccaa ggcaccatgg aatctgagag 1680
tgccgacatt ctgacgggag aaatggcgtc gactcagaag tcgctatcac caagcactgt 1740
acagagtgca gactctggat tctcagggac acttggactg ggtttatttt tcectatgcaga 1800
<210> SEQ ID NO 17
<211> LENGTH: 1475
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus transforming growth factor, beta 1

(TGFB1)
<400> SEQUENCE: 17
ggacgagcca tcaggaaccg caaacccgac tcccegegaag acttgacccce agatttcegga 60
cgcacccect tgcacggece cccaactceee cagectcetet cetgageccee cgcegeatccg 120
aggaccctte tccgggatce gggatctete tcagacttge ctcagettte ctattcaaga 180
tcacccatcet ctagtaccag agctcaccca tcteggtttt tttteegtgg gataccgaga 240
acccacccat cagagectcce cctccagete tgetcegtte teectgaagyg cctcaactcet 300
ccecgeaaac agaccctect accttttect cgggagacce ccacccacce cageccectgt 360
aggggcgggg ccteectett cccaccecag cecagcetege getcetegget gtgecggggyg 420
gegecgecte ceccatgeeg cectegggge tgceggetget gecgetgetg ctgecgetge 480
tgtggetget aatgctgacg cctggecgge cggtegcacyg gcetgtccace tgcaagacca 540
tcgacatgga gctggtgaag cggaatgcecg aaacggagga gccagaggceyg gactactacg 600
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ccaaggaggt cacccgcegtg ctaatggtgg aatacggcaa caaaatctat gacaaaatga 660
agtctagctc gcacagcata tatatgttct tcaacacgtce tgagctccgg gaagceggtgce 720
ccgaacctgt gttgctctcect cgggcagage tgcgcectget gaggctcaag ttaaaagtgg 780
agcagcacgt ggagctgtac cagaaatata gcaacaattc ctggcgctac ctcagcaacc 840
ggctgctege ccccagcegac tcaccggagt ggetgtcectt tgacgtcact ggagttgtge 900
ggcagtggct gacccgcaga gaggaaatag agggctttcg cctcagtgec cactgttect 960

gtgacagtaa agataacacg cttcaagtgg acattaacgg gttcagttcc ggccgcceggyg 1020
gtgacctege caccattcac ggcatgaacc ggcccttecet getectcatg gccaccecte 1080
tggagagggce ccagcacctg cacagctcecece gecaccgecg agecctggac accaactact 1140
gcttcagete cacagaaaag aactgctgtg ttcgtcaget ctacattgac ttccggaagg 1200
acctgggctg gaagtggatt catgaaccca aggggtacca cgccaatttce tgcctggggce 1260
cctgcectta catctggage ctggatacac agtacagcaa ggtcctggece ctgtacaacc 1320
agcacaacce gggegetteg geggegecgt getgegtgee tcaggcegetyg gageccectge 1380
ccatcgtgta ctacgtgggc cgcaagccca atgtggagca gttgtccaac atgatcgtgce 1440
gctectgcaa gtgcagectga ggccccgtec cacce 1475
<210> SEQ ID NO 18
<211> LENGTH: 2276
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus solute carrier family

11 (proton-coupled divalent metal ion transporters), member 1

(SLC11Al) - NRAMP1

<400> SEQUENCE: 18

gettgecatyg ccegtgaggg getgecegge acgccageca ctegcacaga gagtgeccga 60
gectgeggte ctcatgtcag gtgacacggg ccccccaaag cagggaggga ccagatatgg 120
ctccatctee agecccaccca gtccagagece acagcaagea ccteceggag ggacctacct 180
aagtgagaag atccccatte cggatacaga atcgggtaca ttcagectga ggaagetgtg 240
ggccttcacy gggcectggat tectcatgag catcgcatte ctggacccag gaaacattga 300
gtcggatett caggetgggg ctgtggetgyg attcaaactg ctetgggtge tgetgtggge 360
cacagtgttyg ggcttgettt gecagegact ggetgecegg ctgggegtgg tgacaggcaa 420
ggacttggge gaggtctgec atctctacta ccctaaggtg ccccgeatte tectetgget 480
gaccatcgag ctagccateg tgggctcaga catgcaggaa gtcattggea cagetattge 540
attcagtetyg cteteegeeg gacgaatcce actectggggt ggtgtectca tcaccegtegt 600
ggacacttte ttecttectet tectcgataa ctacgggttg cggaagetgyg aagecttttt 660
tggatttctt attaccataa tggecttgac ctteggetat gagtacgtgg tggctcagece 720
tgttcaggga gcattgette agggectgtt cctgeccteg tgcccagget gtggecagece 780
cgagctgetyg caageegtgg geatcattgg cgecatcate atgecccaca acatctacct 840
gecattecctee ctggtcaagt ctcgagaggt agaccggtece cggegggegyg acatccgaga 900
ggccaacatg tacttcctga ttgaagccac catcgecctg tetgtcetect tectcatcaa 960

cctgtttgte atggctgtet ttgggcaagce cttcectacaag caaaccaacc aggctgegtt 1020

caacatctgt gccgacagca gcctccacga ctacgcgecg atctttceccca ggaacaacct 1080
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gaccgtggca gtggacattt accaaggagg cgtgatcctg ggctgcctcet ttggtectece 1140
agccctgtac atctgggeceg tgggtcectcect ggetgctggg cagagctcca ccatgaccgg 1200
cacctacgcg ggacagtttg tgatggaggg cttectgaag ctgcggtggt cacgcettegce 1260
ccgagtectg ctcactcget cctgcegecat cctgcecccact gtgctectgg ctgtcettecag 1320
ggacttgcgg gacctgtcag gcctcaacga cctgctcaat gtgctgcaga gcctgctget 1380
tcectteget gtgctgceca tectcacctt caccagcatg ceccgeccectga tgcaggagtt 1440
tgccaatggce ctggtgagca aagttatcac ttecctccatce atggtgctgg tetgegeegt 1500
caacctttac ttcgtgatca gctacttgce cagecctcceccce caccctgect acttcagect 1560
tgtagcactg ctggccgcag cctacctggg cctcaccact tacctggtet ggacctgtcet 1620
catcacccag ggagccacte ttectggeccca cagttcccac caacgcttece tgtatggget 1680
tcctgaagag gatcaggaga aggggaggac ctegggatga gctceccacca gggectggece 1740
acgggtggaa tgagtgggca cagtggcctg tcagacaagg gtgtgtgtgt gtgtgtgtgt 1800
gtgtatgtgt gtgaaggcag caagacagac agggagttct ggaagctggc caacgtgagt 1860
tccagaggga cctgtgtgtyg tgtgacacac tggectgceca gacaagggtg tgtgtgtgtg 1920
tgtgtgtgtg tgtgcatgca cagcaagacg gagagggagt tctggaaggc agccaacgtg 1980
agttccatag ggacctgcta tttcctagct cagatctcag tgttcttgac tataaaatgg 2040
ggacacctac cttggagtgg ttgtaaataa gacacttgaa cgcagagcct agcacttcag 2100
atttaaaaac aaaagaatca taattccaaa agttactgag cactatcaca ggagtgacct 2160
gacagaccca cccagtctag ggtgggaccce aggctccaaa ctgatttaaa ataagagtcect 2220
gaaaatgcta aataaatgct gttgtgctta gtccccgaat ccatatgact agtaga 2276
<210> SEQ ID NO 19
<211> LENGTH: 2276
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bos taurus solute carrier family

11 (proton-coupled divalent metal ion transporters), member 1

(SLC11Al) - NRAMP1

<400> SEQUENCE: 19

gettgecatyg ccegtgaggg getgecegge acgccageca ctegcacaga gagtgeccga 60
gectgeggte ctcatgtcag gtgacacggg ccccccaaag cagggaggga ccagatatgg 120
ctccatctee agecccaccca gtccagagece acagcaagea ccteceggag ggacctacct 180
aagtgagaag atccccatte cggatacaga atcgggtaca ttcagectga ggaagetgtg 240
ggccttcacy gggcectggat tectcatgag catcgcatte ctggacccag gaaacattga 300
gtcggatett caggetgggg ctgtggetgyg attcaaactg ctetgggtge tgetgtggge 360
cacagtgttyg ggcttgettt gecagegact ggetgecegg ctgggegtgg tgacaggcaa 420
ggacttggge gaggtctgec atctctacta ccctaaggtg ccccgeatte tectetgget 480
gaccatcgag ctagccateg tgggctcaga catgcaggaa gtcattggea cagetattge 540
attcagtetyg cteteegeeg gacgaatcce actectggggt ggtgtectca tcaccegtegt 600
ggacacttte ttecttectet tectcgataa ctacgggttg cggaagetgyg aagecttttt 660
tggatttctt attaccataa tggecttgac ctteggetat gagtacgtgg tggctcagece 720
tgctcaggga gcattgette agggectgtt cctgeccteg tgcccagget gtggecagece 780

cgagctgetyg caageegtgg geatcattgg cgecatcate atgecccaca acatctacct 840
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gcattcctee ctggtcaagt ctcgagaggt agaccggtcce cggegggegg acatccgaga 900
ggccaacatg tacttcctga ttgaagccac catcgccctg tcetgtctect tcectcatcaa 960

cctgtttgte atggctgtet ttgggcaagce cttcectacaag caaaccaacc aggctgegtt 1020
caacatctgt gccgacagca gcctccacga ctacgcgecg atctttceccca ggaacaacct 1080
gaccgtggca gtggacattt accaaggagg cgtgatcctg ggctgcctcet ttggtcectge 1140
agccctgtac atctgggeceg tgggtcectcect ggetgctggg cagagctcca ccatgaccgg 1200
cacctacgcg ggacagtttg tgatggaggg cttectgaag ctgcggtggt cacgcettegce 1260
ccgagtectg ctcactcget cctgcegecat cctgcecccact gtgctectgg ctgtcettecag 1320
ggacttgcgg gacctgtcag gcctcaacga cctgctcaat gtgctgcaga gcctgctget 1380
tcectteget gtgctgceca tectcacctt caccagcatg ceccgeccectga tgcaggagtt 1440
tgccaatggce ctggtgagca aagttatcac ttecctccatce atggtgctgg tetgegeegt 1500
caacctttac ttcgtgatca gctacttgce cagecctcceccce caccctgect acttcagect 1560
tgtagcactg ctggccgcag cctacctggg cctcaccact tacctggtet ggacctgtcet 1620
catcacccag ggagccacte ttectggeccca cagttcccac caacgcttece tgtatggget 1680
tcctgaagag gatcaggaga aggggaggac ctegggatga gctceccacca gggectggece 1740
acgggtggaa tgagtgggca cagtggcctg tcagacaagg gtgtgtgtgt gtgtgtgtgt 1800
gtgtatgtgt gtgaaggcag caagacagac agggagttct ggaagctggc caacgtgagt 1860
tccagaggga cctgtgtgtyg tgtgacacac tggectgceca gacaagggtg tgtgtgtgtg 1920
tgtgtgtgtg tgtgcatgca cagcaagacg gagagggagt tctggaaggc agccaacgtg 1980
agttccatag ggacctgcta tttcctagct cagatctcag tgttcttgac tataaaatgg 2040
ggacacctac cttggagtgg ttgtaaataa gacacttgaa cgcagagcct agcacttcag 2100
atttaaaaac aaaagaatca taattccaaa agttactgag cactatcaca ggagtgacct 2160
gacagaccca cccagtctag ggtgggaccce aggctccaaa ctgatttaaa ataagagtcect 2220
gaaaatgcta aataaatgct gttgtgctta gtccccgaat ccatatgact agtaga 2276
<210> SEQ ID NO 20

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 20

agccagcagce tctcaaagte 20
<210> SEQ ID NO 21

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 21

gtgttcagtg tggtcctgga t 21
<210> SEQ ID NO 22

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: primer
<400> SEQUENCE: 22

ggtaaagcag tcctgaatce aa 22

<210> SEQ ID NO 23

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 23

tcettecatgg gecctattt 19

<210> SEQ ID NO 24

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 24

tcgtgtttat tgctectggtt gt 22

<210> SEQ ID NO 25

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 25

cctgettect tecctect 18

<210> SEQ ID NO 26

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 26

gggttcctge tggtgactce 19

<210> SEQ ID NO 27

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 27

gccaatgcca ctgtecte 18

<210> SEQ ID NO 28

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 28

gggttcctge tggtgactce 19
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 29

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 29

gccaatgeca ctgtecte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 30

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 30

agtgcagaca gcgggatct

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 31

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 31

ttcttcaggy gtctgcaaag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 32

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 32

agtgcagaca gcgggatct

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 33

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 33

ttcttcaggy gtctgcaaag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 34

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 34

agtgcagaca gcgggatct

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 35

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

18

19

20

19

20

19
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<400> SEQUENCE:

ttcttcaggy gtctgcaaag

35

<210> SEQ ID NO 36

<211> LENGTH:

21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

gggaattcag ggaataaagc a

36

<210> SEQ ID NO 37

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

ctgtttgggy aatgcagatt

37

<210> SEQ ID NO 38

<211> LENGTH:

21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

gggaattcag ggaataaagc a

38

<210> SEQ ID NO 39

<211> LENGTH:

20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

ctgtttgggy aatgcagatt

39

<210> SEQ ID NO 40

<211> LENGTH:

19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

cccttgecaa acactgaca

40

<210> SEQ ID NO 41

<211> LENGTH:

18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE:

cctageccag gecacttt

41

<210> SEQ ID NO 42

<211> LENGTH:

20

20

21

20

21

20

19

18
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 42

tcctetggayg aagggaaagyg

<210> SEQ ID NO 43

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 43

attcagaggce aggagtcgag

<210> SEQ ID NO 44

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 44

acatgtgttyg gccaagtgaa

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 45

acatccgagt cctgagtggt
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The invention claimed is:

1. A method of screening for, diagnosing, identifying sus-
ceptibility to or detecting a risk of developing mastitis or
Johne’s disease in a bovine comprising (a) detecting the pres-
ence of a SNP comprising an A nucleotide at position 1398 in
SEQ ID NO:10 in a sample from the bovine, wherein the SNP
is detected using a forward primer comprising the sequence in
SEQ ID NO:26 and a reverse primer comprising the sequence
in SEQ ID NO:27; and (b) identifying the bovine as having,
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being susceptible to or having an increased risk of mastitis or
Johne’s disease if the SNP comprising an A nucleotide at
position 1398 in SEQ ID NO:10 is detected.

2. The method of claim 1, wherein the bovine is of the breed
Holstein, Jersey or Guernsey.

3. The method of claim 2, wherein the bovine is of the
Holstein breed.



